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Abstract 
 
This research paper presents a study on domestic solid waste management of Burayu city and 
recommends viable and realistic problem solving mechanisms for a sustainable management of 
domestic waste .In order to accomplish this, specific objectives were set that include, the 
determination of generation rate, composition and the physical properties (density, moisture content, 
and size distribution) of solid wastes. Gaps and challenges in domestic solid waste management 
chain of the city including the collection, storage, transport, disposal practices and  the effect of the 
social environmental impact (SEI) of an open landfill (dumping site) to the community were also 
assessed. 
With the aim of accomplishing the above objectives, Questionnaires, interviews, field measurement, 
field observations and laboratory test were all used to collect a primary data while the Secondary data 
was collected from different sources, including journal articles, books, policy briefs and municipal 
reports/documents. The survey and collected data were analyzed using Micro soft Excel. Solid waste 
management system related problems, domestic solid waste data collection, sorting of solid wastes in 
to different components and sizes, and measurement were carried out in 199 randomly selected 
households for 7 consecutive days in each of the sample households. 

The household solid waste generation rate study indicated that the waste generation rate of Burayu 
city is 0.288 kg/cap/day. Hence, the daily, weekly, monthly and annual generation amount is 
43,535.81 kg, 304,750.7 kg, 1,306,074 kg and 15,890,570 kg respectively. The result showed that 
solid wastes generation rate varies significantly with socio-economic condition, particularly 
economic status of the households. The average generation rates of the groups, the higher income, 
middle-income and lower-income-groups are 0.39 kg/cap/day, 0.32kg/cap/day, and 0.24 
kg/capital/day respectively. Looking at the compositions, the greater share among all components 
was found to be, food wastes, which constitute 48.7% of the total household wastes by weight. Ash 
and fine sand, and Yard Wastes cover 21.7 % and 19.4% respectively. The remaining 10.2% is 
composed of Paper, Plastics (bottles and sheet), Metal, Glass and ceramics, and Rubber. he results 
also indicated that the average bulk density of domestic solid waste of Burayu City is 350.2 kg/m3 
and the moisture contents of the two waste components (food waste and yard waste), which are 
suitable for composting were determined to be 58.8% and 51.2%. Particle size analysis showed that 
54% of the component is below 50mm while 46% of the waste is above 50mm in size. The findings 
of this study also revealed the city’s domestic solid waste management system is characterized by 
highly ineffective storage facilities, ineffective collection system and inefficient transportation and 
disposal mechanisms.  .  
 
From the study results, it can be concluded the domestic solid waste management system of the city 
is very weak and lack organization in the domestic solid waste management chain. In light of the in- 
effectiveness of the system, the study recommended there is a need for the re-engineering of waste 
management system and adoption of an integrated solid waste management option.  
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1. INTRODUCTION 
1.1 Background  
 
The quantity and type of material being generated from households is very important in 
successful planning for a municipal solid waste management system. The decisions for managing 
household solid waste are directly dependent on the quantity and type of waste generated. In 
order to determine types of facilities required for solid waste management and select best 
disposal options precise information about quantities, compositions, densities, moisture content 
and calorific value of solid waste is very important (Rushbrook and Pugh 1999). 
 
Ethiopia has its own regulations and policies which dictates how waste should be managed. 
Responsibilities especially in the areas of health, environmental management and planning 
expected by law are well spelt out. One major challenge of Solid waste management in Ethiopia 
is not only limited to monetary terms but also in technological and infrastructural advancement. 
Like many other cities in Ethiopia, Burayu has poor domestic solid waste management. Solid 
waste management practices in the city are not well organized. Starting from collection to 
disposal, each process involved in solid waste management is not well organized. Thus, there 
exist gap in the implementation of sound waste management system. For having a 
comprehensive solid waste management system, the first thing to be determined in a specific city 
is to know the generation rate of waste from households. There are no many studies conducted in 
Ethiopia about generation of wastes except in the bigger cities. According to Environmental 
Protection Authority (EPA) and World Bank study conducted in 2004, per capita amount of 
waste generated in Ethiopia ranged from 0.17 to 0.48 kg/person/day for urban areas to about 0.11 
to 0.35kg/capita/day for rural areas. The range depends on factors such as income, season, 
demographic dynamics, socio-economic changes and consumption patterns.A study conducted 
by Melaku Tegeny (2008) in Jimma, which has relatively the same economic and demographic 
situation as Burayu city, indicated that the household solid waste generation rate per capita was 
0.157 kg/day. The physical composition of the solid waste of the city was mainly Organic, which 
constitutes 60.3% and recyclable waste is 7.3%. Other study by Solomon Cheru in 2011 
indicated that the generation amount of Dessie city is a 0.231 kg/cap/day.  But a study by the 
World Bank in 2012 showed that the average sub-saharan African countries generate 0.65kg of 
waste per capita per day. 
 
In Ethiopia, like other developing countries, the increase of solid waste generation is resulted 
from rapid urbanization and population booming. According to Dawit and Alebel (2008), the 
amount of solid waste in Addis Ababa and other fast growing areas in the country has been 
increasing over time, largely attributed to rapid population growth rate. The authors indicated 
that from the total solid waste released by the population in the city, about 50-60% was collected 
and the rest was unattended.   
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Like many other cities in Ethiopia, Burayu lacks basic information on waste generation rate and 
physical composition of solid wastes. Most components of waste generated are collected and 
disposed all together without any type of sorting. Thus, it will be difficult to determine the 
physical composition of household solid wastes. In addition to these two parameters, the size 
distribution, density and moisture content of wastes from households is not assessed to date. 
 
Therefore conducting this research will be very important in filling gaps concerning the solid 
waste generation rate, physical composition and determining the physical properties of solid 
wastes generated from households along with improving domestic solid waste management of 
the city. This study can also be used as a base line for further studies to be conducted in the 
future concerned with waste management system and related issues of the city. 
1.2 Statement of the problem 
 
Burayu, one of the fastest growing cities in Ethiopia, is found adjacent to the capital Addis 
Ababa in a near distance. The city is also among the cities in Ethiopia which has a high 
population rise annually. Because of its closeness to the capital Addis Ababa, many people 
migrate to the city annually, which is one of the reasons to the rapid increase of population of the 
city.According to the Central Statistical Agency (CSA) census conducted in 2007; the forecasted 
population of the city in 2015 was 71,900. But Burayu City Administration Annual report of 
2016 indicated that the city had a total population of 151,166 in that specific year.The rapid 
increase of population and the increasing economic growth of the city combined brought a large 
amount of solid waste. The piles of wastes dumped illegally on open areas, in gullies, river 
courses, etc. are undisputable evidences of the poor solid waste management system of the city 
which has ultimately caused a foul-smell, blocking of drains and destroying the aesthetics of the 
city. This situation is believed to be the result of inadequate solid waste management system in 
the city.  
 
One of the major issues that should be addressed before developing a waste management plan is, 
the study of solid waste generation rate, composition and physical properties of solid wastes.  
Study of solid waste generation rate and physical composition of solid wastes are the two most 
important factors that should be considered for a proper collection, disposal of solid wastes and 
public health management. No surveys were conducted so far regarding the city’s solid waste 
generation rate and composition. Thus, lack of information about basic solid waste parameters is 
the major problem when it comes to designing a suitable solid waste management plan for the 
city.  
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Inadequate management of solid waste generated mainly from households is greatly affecting 
residents and the city itself in many ways. The solid waste which is left uncollected and dumped 
everywhere has affected the city’s aesthetics and the environment.  Sewerage channels and open 
areas are the primary locations were illegal dumping is frequent. Lack of storage containers and 
transportation equipment are also some of the problems associated with domestic solid waste 
management of the city. 
 
The waste dumping site which is located right in the middle of the city, where there are many 
legally registered households, brought many social and health impacts to residents living nearby 
the site. Moreover, the dumping practice by itself is very primitive method of dumping waste, 
whereby advanced mechanisms like daily cover and leachate collection pipes are absent.  
 
Thus, this study helps to determine the total domestic solid waste generation rate, composition 
and physical properties of solid waste along with domestic solid waste management problems of 
the city for a better solid waste management. Furthermore, this research will also identify the 
types of impacts and possible measures that should be taken by the city administration to 
improve the lives of citizens living near by the dumping site 
1.3 Objectives of the study 
 
1.3.1 General Objectives 
The main objective of this research is to conduct a study on domestic solid waste management of 
Burayu city and recommend a viable and realistic waste management options. 
 
1.3.2 Specific objectives 
Specific objectives of conducting this research include; 
 To determine generation rate of domestic solid waste of the city, 
 To determine composition of solid wastes from households, 
 To investigate the physical properties (density, moisture content, size distribution) of the 
solid waste generated from households,  
 Identify gaps and challenges of domestic solid waste management of the city including 
the collection, transport, storage and disposal alongside with improving the SWM of the 
city 
 To assess the social environmental impact (SEI) of an open landfill (dump site) found in 
the city to the local community. 
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1.4 Significance of the study 
The result of this study is expected to provide the following advantages; 
 
 It will be a base line for  further study of solid waste management in the city. 
 It provides a clear picture about the specific features and problems of the solid waste 
management system of the city. 
 The study can also be used as an input for measures that will be taken by the municipal 
organ of the city in filling gaps of domestic solid waste management. 
 It will be very helpful in identifying the major stake holders’ efficiency in DSWM of the 
city. 
1.5 Research Questions 
In order to achieve the above objectives, the following basic research questions were raised to be 
answered by the study 
1. What is the daily, weekly, monthly and yearly solid waste generation rate of the city? 
2. What is the physical composition of the solid waste generated?
3. What are the physical properties of the solid waste generated? 
4. What are the gaps and challenges concerning domestic solid waste management of the 
city? 
5. How efficient is the city administration in managing domestic solid wastes? 
6. What are the social environmental impacts brought to the community living around the 
land fill site? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 5  
 
 
2. LITERATURE REVIEW  
2.1 Solid Waste Definition 
 
Solid wastes comprise all the wastes arising from human and animal activities that are normally 
discarded as useless or unwanted (Tchobanoglous et al., 1993). Solid waste is defined as a solid 
or semi-solid material, resulting from human and animal activities that are useless, unwanted, or 
hazardous (Purohit et al., 2006) 
 
(Guerrero et al, 2012) also regards solid  waste as  “material that no longer has  any  value  to  
the  person  who  is  responsible  for  it,  and  is  not  intended  to  be discharged through  a  pipe.  
It is generated by domestic, commercial, industrial, healthcare, agricultural and mineral 
extraction activities and accumulates in streets and public places”. The words “garbage”, “trash”, 
“refuses” and “rubbish” is used to refer to some forms of solid waste. 
 
The Federal Democratic Republic of Ethiopia proclamation No. 513/2007 Solid Waste 
Management Proclamation defines “Solid Waste”, anything that is neither liquid nor gas and is 
discarded as unwanted. These could be refuses from residential, commercial, or any institutes as 
yard sweeping, food remains, ash and chat leftover, saw dust, piece of wood papers, glasses, 
metals, batteries, plastic, grass, and vegetables, bone of animals, dead animals and other 
materials that cause poor environmental situation.  
2.2 Source of Solid Waste  
 
Sources of solid wastes in a community are, in general, related to land use and zoning. Although 
any number of source classifications can be developed, the following categories have been found 
useful: (1) residential, (2) commercial, (3) institutional, (4) construction and demolition, (5) 
municipal services, (6) treatment plant sites, (7) industrial, and (8) agricultural (Tchobanoglous 
and Kreith, 2002). Typical facilities, activities, or locations associated with each of these sources 
of waste are reported in the next table, MSW is normally assumed to include all community 
wastes, with the exception of wastes generated by municipal services, water and waste-water 
treatment plants, industrial processes, and agricultural operations. 
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Table 1 Source of Solid Waste 
Source (Tchobanoglous and Kreith, 2002) 
 
Source Typical facilities, activities, or 
locations where wastes are 
generated 
Types of solid wastes 
Residential Single-family and multifamily 
houses; low-, medium-, and 
high-density apartments; etc. 
Food wastes, paper, 
cardboard, plastics, textiles, 
leather, yard wastes, wood, 
glass, tin cans, aluminum, 
other metal, ashes, street 
leaves, special wastes 
(including bulky items, 
consumer electronics, white 
goods, yard wastes collected 
separately, batteries, oil, and 
tires),and household 
hazardous wastes 
Commercial Stores, restaurants, markets, 
office buildings, hotels, motel 
sprint shops, service stations, 
auto repair shops, etc. 
Paper, cardboard, plastics, 
wood, 
food wastes, glass, metal 
wastes, 
ashes, special wastes (see 
preceding), hazardous wastes, 
etc. 
Institutional Schools, hospitals, prisons, 
governmental centers, etc. 
Same as for commercial 
 
Industrial (nonprocess wastes) Construction, fabrication, light 
and heavy manufacturing, 
refineries, chemical plants, 
power plants, demolition, etc. 
Paper, cardboard, plastics, 
wood, food 
wastes, glass, metal wastes, 
ashes, 
special wastes (see preceding), 
hazardous wastes, etc. 
Municipal solid waste All of the preceding All of the preceding 
 
Construction and demolition New construction sites, road  
repair, renovation sites, razing 
of 
buildings, broken pavement, 
etc. 
Wood, steel, concrete, dirt, 
etc. 
Municipal services (excluding 
treatment facilities) 
Street cleaning, landscaping, 
catch-basin cleaning, parks 
and  
beaches, other recreational 
areas, etc. 
Special wastes, rubbish, street 
sweepings, 
landscape and tree trimmings, 
catch- 
basin debris; general wastes 
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from 
parks, beaches, and 
recreational areas 
Treatment facilities Water, wastewater, industrial 
treatment processes, etc. 
Treatment plant wastes, 
principally 
composed of residual sludges 
and  
other residual materials 
 
Industrial Construction, fabrication, light  
and heavy manufacturing, 
refineries, chemical plants, 
power plants, demolition, etc. 
Industrial process wastes, 
scrap  
materials, etc.; nonindustrial 
waste 
including food wastes, 
rubbish, 
ashes, demolition and 
construction  
wastes, special wastes, and 
hazardous waste 
Agricultural Field and row crops, orchards, 
vineyards, dairies, feedlots, 
farms, etc. 
Spoiled food wastes, 
agricultural 
wastes, rubbish, and 
hazardous wastes 
 
2.3 Residential solid waste 
 
The source of residential sources can be Single-family and multifamily houses; low-, medium-, 
and high-density apartments; etc. The types of solid waste generated from households can be 
Food wastes, paper, cardboard, plastics, textiles, leather, yard wastes, wood, glass, tin cans, 
aluminum, other metal, ashes, street leaves, special wastes(including bulky items, consumer 
electronics, white goods, yard wastes collected separately, batteries, oil, and tires), and 
household hazardous wastes 
2.4 Solid Waste Management System  
 
Human activities generate waste materials that are often discarded because they are considered 
useless. These wastes are normally solid, and the word waste suggests that the material is useless 
and unwanted. However, many of these waste materials can be reused, and thus they can become 
a resource for industrial production or energy generation, if managed properly. Waste 
management has become one of the most significant problems of our time. Historically, waste 
management has been an engineering function. It is related to the evolution of a technological 
society, which, along with the benefits of mass production, has also created problems that require 
the disposal of solid wastes (Tchobanoglous and Kreith, 2002) 
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The Federal Democratic Republic of Ethiopia proclamation No. 513/2007 Solid Waste 
Management Proclamation defines “Solid Waste Management” as the collection, transportation, 
storage, recycling or disposal of solid waste, or the subsequent use of a disposal site that is no 
longer operational. When it comes to the Ethiopian context The Federal Democratic Republic of 
Ethiopia proclamation No. 513/2007 states, urban administrations shall create enabling 
conditions to promote investment on the provision of solid waste management services. Any 
person shall obtain a permit from the concerned body of an urban administration prior to his 
engagement in the collection, transportation, use or disposal of solid waste. Also in this 
proclamation, it is clearly defined that urban administrations shall ensure the participation of the 
lowest administrative levels and their respective local communities in designing and 
implementing their respective solid waste management plans. Each Region or urban 
administration shall set its own schedule and, based on that, prepare its solid waste management 
plan and report of implementation.   The 2007 proclamation also states on how to handle some of 
the solid waste generated.  
 
i. Glass Containers and Tin Cans   
The proclamation states that the manufacturer or importer of glass containers or tin cans shall 
develop and implement a system that enables it, on its own or through other persons, to collect 
and recycle used glass containers or tin cans.  For the implementation of this Article urban 
administrations shall ensure that pre-collection sites are designated to collect used glass 
containers and tin cans, and emptied period 
ii. Plastic Bags 
 
It is unlawful to put on the market any plastic bag that is not labeled to how whether it is 
biodegradable or not. It is also prohibited to grant permit for the manufacture or importation of 
any non-biodegradable plastic bags with a wall thickness of 0.03 millimeters and less than 0.03 
Millimeters. 
 
iii. Used Tires 
 
The importation of used tires into Ethiopian territory for the purpose of disposal is prohibited. 
The importation of used tires for environmentally acceptable use shall be determined by 
directives issued by the Authority. 
 
iv. Food Related Solid Wastes 
 
Food industries and restaurants shall collect, store and dispose of the food related solid Wastes 
they generate in an environmentally sound manner. In addition to this, Restaurants shall design 
and implement solid waste management systems in accordance with directives issued by the 
concerned environmental agency 
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Management of Household Solid Wastes is also one of the sections in this proclamation. It is 
clearly stated that, the head of each household shall ensure that recyclable solid wastes are 
segregated from those that are destined for final disposal and are taken to the collection site 
designated for such wastes. Urban administrations shall, in the residential areas designated 
pursuant to ensure that adequate household solid waste collection facilities are in place. 
 
Auditing of existing Solid Waste Disposal Sites is also one section of this proclamation which   
states that, each urban administration is responsible for ensuring that an environmental audit is 
carried out on every existing solid waste disposal site. It also instructs the owner of any solid 
waste disposal site shall make the necessary modifications if the environmental audit made 
shows that its continued operation poses a risk to public health or the environment and the 
authority may prescribe environmental criteria to determine the alternative use of a solid waste 
disposal site that has ceased operation or is abandoned. 
2.5 Functional Elements of a Solid Waste Management System 
Integrated solid waste management of solid waste is based on a combination of source reduction, 
recycling, waste combustion, and disposal. The purposeful, systematic control of the functional 
elements of generation include waste handling, separation, and processing at the source; 
collection; separation and processing and transformation of solid waste; transfer and transport; 
and disposal associated with the management of solid wastes from the point of generation to 
final disposal. 
2.5.1 Waste generation 
Waste generation encompasses those activities in which materials are identified as no longer 
being of value and are either thrown away or gathered together. In a global review of solid waste 
management study by the World Bank in 2012 indicated that developed countries produce 
almost half of the world’s waste, while Africa and South Asia regions produce the least waste. 
The same study discussed difference of waste generation by region which clearly showed a great 
difference between regions across the globe.  
Table 2 Current Waste Generation Per Capita by Region 
Source (World Bank, 2012) 
Region Waste Generation Per Capita 
(kg/capita/day) 
Sub-Saharan Africa 0.65 
East Asia and the pacific 0.95 
East and central Asia 1.1 
Latin America and the Caribbean 1.1 
Middle East and North Africa 1.1 
Europe and north America 2.2 
South Asia Region 0.45 
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This World Bank study also suggested that almost half of the world’s solid waste is generated 
from the developed nations, while sub-Saharan Africa has only a 5% contribution in the global 
solid waste share. 
 
 
Figure 1 Waste Generation by Region 
Source (World Bank, 2012) 
An evaluation of the characteristics of the solid waste generated across popular and economically 
significant cities of Africa, namely Cairo (Egypt), Lagos (Nigeria), Johannesburg (South Africa) 
and Nairobi (Kenya) indicted that the average per capita waste generation is 0.7 kg/day 
(Eminike, 2013). 
 
Eminike also discussed that Cairo has a 0.8 kg/cap/ day of generation, which is a relatively 
greater figure compare with the three cities while Lagos (Nigeria), Johannesburg (South Africa) 
and Nairobi (Kenya) generate 0.63kg, 0.7kg and 0.65 kg of waste per capita per day.  
 
Looking at Ethiopian perspectives, Different studies indicated that waste generation amount in 
cities across the country is below the value put by the World Bank study for sub-Saharan cities. 
A study conducted in 2008 in Jimma city, which has relatively the same economic and 
demographic situation as Burayu city, indicated that the household solid waste generation rate 
per capita is 0.157 kg/day. Other study by Solomon Cheru in 2011 indicated that the generation 
amount of Dessie city is a 0.231 kg/cap/day.  According to Muktar Ahmed and mesfin assefa 
study of 2017, Lega Tafo Laga Dadi Town, the household solid waste generation rate per capita 
is 0.43 kg/cap/day . 
 
Sub-Saharan 
Africa, 5%
East Asia and 
the pacific, 
21%
East and 
central 
Asia, 7%
Latin America and 
the Caribbean, 
12%
Middle East and 
North Africa, 6%
Europe and north 
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East Asia and the pacific
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Latin America and the
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2.5.2 Waste handling and separation, storage, and processing at the source 
Waste handling and separation involve the activities associated with managing wastes until they 
are placed in storage containers for collection. Handling also encompasses the movement of 
loaded containers to the point of collection. Separation of waste components is an important step 
in the handling and storage of solid waste at the source. On-site storage is of primary importance 
because of public health concerns and aesthetic considerations. 
 
2.5.3 Collection  
Collection includes both the gathering of solid wastes and recyclable materials and the transport 
of these materials, after collection, to the location where the collection vehicle is emptied, such 
as a materials-processing facility, a transfer station, or a landfill. 
 
2.5.4 Transfer and transport 
The functional element of transfer and transport involves two steps: (1) the transfer of wastes 
from the smaller collection vehicle to the larger transport equipment, and (2) the subsequent 
transport of the wastes, usually over long distances, to a processing or disposal site. The transfer 
usually takes place at a transfer station. Although motor vehicle transport is most common, rail 
cars and barges are also used to transport wastes. 
 
2.5.5 Separation, processing, and transformation of solid waste 
The means and facilities that are now used for the recovery of waste materials that have been 
separated at the source include curbside collection and drop-off. The separation and processing 
of wastes that have been separated at the source and the separation of commingled wastes 
usually occurs at materials recovery facilities, transfer stations, combustion facilities, and 
disposal sites. 
 
2.5.6 Disposal 
 
Today, disposal by land filling or land spreading is the ultimate fate of all solid wastes, whether 
they are residential wastes collected and transported directly to a landfill site, residue from the 
combustion of solid waste, compost, or other substances from various solid waste processing 
facilities. A modern sanitary landfill is not a dump. It is a method of disposing of solid wastes on 
land or within the earth’s mantle without creating Public health hazards or nuisances. 
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2.6 Integrated waste management (IWM) 
 
According to (Tchobanoglous and Kreith, 2002), Integrated waste management (IWM) can be 
defined as the selection and application of suitable techniques, technologies, and management 
programs to achieve specific waste management objectives and goals. The U.S. Environmental 
Protection Agency (EPA) has identified four basic management options (strategies) for IWM: (1) 
source reduction, (2) recycling and composting, (3) combustion (waste-to-energy facilities), and 
(4) landfills. As proposed by the U.S. EPA, these strategies are meant to be interactive. 
California, One of the biggest cities in the US, has chosen to consider the management options in 
a hierarchical order. For example, recycling can be considered only after all that can be done to 
reduce the quantity of waste at the source has been done. Similarly, waste transformation is 
considered only after the maximum amount of recycling has been achieved. Further, the 
combustion (waste-to-energy) option has been replaced by waste transformation in California 
and other states. The management options that comprise the IWM are considered in the 
following discussion. Tchobanoglous and Kreith considered implementation of integrated waste 
management options in the following sections.  
 
2.6.1 Source Reduction 
Source reduction focuses on reducing the volume and/or toxicity of generated waste. Source 
reduction includes the switch to reusable products and packaging, the most familiar example 
being returnable bottles. Other good examples of source reduction are grass clippings that are left 
on the lawn and never picked up and modified yard plantings that do not result in leaf and yard 
waste. The time to consider source reduction is at the product or process design phase. 
 
Source reduction can be practiced by everybody. Consumers can participate by buying less or 
using products more efficiently. The public sector (government entities at all levels: local, state, 
and federal) and the private sector can also be more efficient consumers. They can reevaluate 
procedures which needlessly distribute paper (multiple copies of documents can be cut back), 
initiate procedures which require the purchase of products with longer lifespan, and cut down on 
the purchase of disposable products. The private sector can redesign its manufacturing processes 
to reduce the amount of waste generated in manufacturing. Reducing the amount of waste may 
require the use of closed-loop manufacturing processes, different raw materials, and/or different 
production processes. Finally, the private sector can redesign products by increasing their 
durability, substituting less toxic materials, or increasing product effectiveness. However, while 
everybody can participate in source reduction, doing so digs deeply into how people go about 
their business something that is difficult to mandate through regulation without getting mired in 
the tremendous complexity of commerce 
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2.6.2 Recycling and Composting 
Recycling is perhaps the most positively perceived and doable of all the waste management 
Practices. Recycling will return raw materials to market by separating reusable products from the 
rest of the municipal waste stream. The benefits of recycling are many. Recycling saves precious 
finite resources; lessens the need for mining of virgin materials, which lowers the environmental 
impact for mining and processing; and reduces the amount of energy consumed. Moreover, 
recycling can help stretch landfill capacity. Recycling can also improve the efficiency and ash 
quality of incinerators and composting facilities by removing noncombustible materials, such as 
metals and glass. 
 
Recycling can also cause problems if it is not done in an environmentally responsible manner. 
Many Superfund sites are what is left of poorly managed recycling operations. Examples include 
operations for waste-oil recycling, solvent recycling, and metal recycling. In all of these 
processes, toxic contaminants that need to be properly managed are removed. Composting is 
another area of recycling that can cause problems without adequate location controls. For 
example, groundwater can be contaminated if grass clippings, leaves, or other yard wastes that 
contain pesticide or fertilizer residues are composted on sandy or other permeable soils. Air 
contamination by volatile substances can also result. 
 
Recycling will flourish where economic conditions support it, not where it is merely man-dated. 
Stable markets also require that stable supplies are generated. This supply-side problem has been 
troublesome in certain areas of recycling, including metals and plastics. Government and 
industry must work together to address the market situation. It is crucial to make sure that 
mandated recycling programs do not get too far ahead of the markets. 
 
Even with a good market situation, recycling and composting will flourish only if they are made 
convenient. Examples include curbside pickup for residences on a frequent schedule and easy 
drop-off centers with convenient hours for rural communities and for more specialized products. 
Product mail-back programs have also worked for certain appliances and electronic components. 
 
2.6.3 Combustion (Waste-to-Energy) 
The third of the IWM options is combustion (waste-to-energy). Combustion facilities are 
attractive because they do one thing very well, they reduce the volume of waste dramatically, up 
to nine fold. Combustion facilities can also recover useful energy, either in the form of steam or 
in the form of electricity. Volume reduction alone can make the high capital cost of incinerators 
attractive when landfill space is at a premium, or when the landfill is distant from the point of 
generation. For many major metropolitan areas, new land-fills must be located increasingly far 
away from the center of the population. Moreover, incinerator bottom ash has promise for reuse 
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as a building material. Those who make products from cement or concrete may be able to utilize 
incinerator ash. 
 
The major constraints on incinerators are their cost, the relatively high degree of sophistication 
needed to operate them safely and economically, and the fact that the public is very skeptical 
concerning their safety. The public is concerned about both stack emissions from incinerators 
and the toxicity of ash produced by incinerators. The U.S. EPA has addressed both of these 
concerns through the development of new regulations for solid waste combustion waste-to-
energy plants and improved landfill requirements for ash. These regulations will ensure that 
well-designed, well-built, and well-operated facilities will be fully protective from the health and 
environmental standpoints. 
 
2.6.4 Landfills 
Landfills are the one form of waste management that nobody wants but everybody needs There 
are simply no combinations of waste management techniques that do not require land filling to 
make them work. Of the four basic management options, land filling is the only management 
technique that is both necessary and sufficient. Some wastes are simply no recyclable, because 
they eventually reach a point at which their intrinsic value is dissipated completely, so they no 
longer can be recovered, and recycling itself produces residuals. 
 
The technology and operation of a modern landfill can ensure protection of human health and the 
environment. The challenge is to ensure that all operating landfills are designed properly and are 
monitored once they are closed. It is crucial to recognize that today’s modern landfills do not 
look like the old landfills that are on the current Superfund list. Today’s operating landfills do 
not continue to take hazardous wastes. In addition, they do not receive bulk liquids. They have 
gas-control systems, liners, Leachate collection systems, extensive ground-water monitoring 
systems, and perhaps most important, they are better sited and located in the first place to take 
advantage of natural geological conditions. 
 
Landfills can also turn into a resource. Methane gas recovery is occurring at many landfills today 
and carbon dioxide recovery is being considered. After closure, landfills can be used for 
recreation areas such as parks, golf courses, or ski areas. Some agencies and entrepreneurs are 
looking at landfills as repositories of resources for the future in other words, today’s landfills 
might be mined at some time in the future when economic conditions warrant. This could be 
particularly true for mono fills, which focus on one kind of waste material, such as combustion 
ash or shredded tires. 
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2.6.4.1 Land filling Methods 
According to (Tchobanoglous and Kreith, 2002), the principal methods used for the landfilling of 
MSW may be classified as (1) excavated cell/trench, (2) area, and (3) canyon.  
 
a) Excavated Cell/Trench Method.  
 
The cell/trench method of land filling is ideally suited to areas where an adequate depth of cover 
material is available at the site and where the water table is not near the surface. Typically, solid 
wastes are placed in cells or trenches excavated in the soil. The soil excavated from the site is 
used for daily and final cover. The excavated cells or trenches are lined with synthetic membrane 
liners, low permeability clay, or a combination of the two to limit the movement of both landfill 
gases and leachate. Excavated cells are typically square, up to 1000 ft. in width and length, with 
side slopes of 2:1 to 3:1. Trenches vary from 200 to 1000 ft. in length, 3 to 10 ft. in depth, and 15 
to 50ft in width. A variation of this method is the artesian or zone of saturation landfill (Adams 
et al., 1998). These landfills are constructed below the naturally occurring groundwater table 
surface. Drainage systems control the entry of groundwater into the landfill cell. Both lined and 
unlined sites have been constructed using this method.  
 
b) Area Method.   
The area method is used when the terrain is unsuitable for the excavation of cells or trenches in 
which to place the solid wastes. High groundwater conditions necessitate the use of area-type 
landfills. Site preparation includes the installation of a liner and leachate management system. 
Cover material must be hauled in by truck or earthmoving equipment from adjacent land or from 
borrow-pit areas. As noted, in locations with limited material that can be used as cover, compost 
produced from yard wastes and MSW, foundry sand, and auto shredder fluff have been used 
successfully as intermediate cover material. Other techniques include the use of movable 
temporary cover materials such as soil and geosynthetics. Soil and geosynthetic blankets, placed 
temporarily over a completed cell, can be removed before the next lift is begun. 
 
c) Canyon/Depression Method.  
Canyons, ravines, dry borrow pits, and quarries have been used for landfills. The techniques to 
place and compact solid wastes in canyon/depression landfills vary with the geometry of the site, 
the characteristics of the available cover material, the hydrology and geology of the site, the type 
of leachate and gas control facilities to be used, and the access to the site. Control of surface 
drainage often is a critical factor in the development of canyon/depression sites. Typically, filling 
starts at the head end of the canyon and ends at the mouth, so as to prevent the accumulation of 
water behind the landfill. Canyon/depression sites are filled in multiple lifts, and the method of 
operation is essentially the same as previously described. If a canyon floor is reasonably flat, the 
initial landfilling may be carried out using the excavated cell/trench method discussed 
previously.  
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d) Other Types of Landfills.  
Various other configurations of landfills are constructed to meet specialized objectives. These 
include construction and demolition waste landfills that receive only materials that are the result 
of tearing down buildings and removing roadways. Other specialized landfills are those 
associated with receiving high volumes of industrial waste such as that from paper mills, 
foundries, power plants, and mines. Each of these landfills has unique design considerations. The 
landfills may or may not contain all of the conventional design elements, depending upon the 
particular specialized nature of the waste. For example, a power plant ash landfill would not have 
a gas recovery system since no decomposition of waste is expected, given the fact that all 
organic matter had been removed during the combustion process. An emerging technology for 
more quickly stabilizing waste in conventional landfills is the bioreactor. A bioreactor landfill is 
constructed and operated in a manner that will enhance the decomposition rate of the organic 
material within municipal solid waste. Operating procedures are adjusted from those used at 
conventional landfills to quickly initiate the decomposition of the waste. Gas collection facilities 
are installed immediately upon the construction of the landfill cell so that methane gas can be 
recovered. To accelerate the decomposition rate, the leachate withdrawn from the base of the 
landfill is recycled and, in addition, other sources of moisture, such as sewage sludge, may be 
added to the waste profile.  
 
2.6.4.2 Classification of Landfills 
Tchobanoglous and Kreith also discussed that, although a number of landfill classification 
systems have been proposed over the years, the classification system adopted by the state of 
California in 1984 is perhaps the most widely accepted classification system for landfills. In the 
California system, as reported in the following table, three classifications are used 
 
Table 3 Classification of Landfills 
Source (Tchobanoglous and Kreith, 2002) 
Class Type of waste 
I Hazardous waste 
II Designated waste 
III Municipal solid waste (MSW 
 
The majority of the landfills throughout the United States are designed for commingled MSW. In 
many of these Class III landfills, limited amounts of nonhazardous industrial wastes and sludge 
from water and wastewater treatment plants are also accepted. In many states, treatment plant 
sludge are accepted if they are dewatered to a solids content of 51 percent or greater and contain 
no free-flowing liquids. 
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An alternative method of land filling that is being tried in several locations throughout the United 
States involves shredding of the solid wastes before placement in a landfill. Shredded (or milled) 
waste can be placed at up to 35 percent greater density than unshredded waste, and may possibly 
receive an exemption from daily cover requirements in some state regulations. Blowing litter, 
odors, flies, and rats have not been significant problems. The use of shredders has declined but 
may be reintroduced at sites where more rapid waste decomposition may be an operating goal. 
 
Designated wastes are nonhazardous wastes that may release constituents in concentrations that 
are in excess of applicable water quality objectives established by various state and federal 
agencies. Combustion ash, asbestos, and other, similar wastes often identified as designated 
wastes are typically placed in lined mono fills to isolate them from materials placed in municipal 
landfills 
2.7 Characteristics of Solid Waste  
 
Waste characteristically refers to the quantity, composition and types of solid wastes. For 
effective and economic management of solid wastes produced in a particular city, a considerable 
knowledge and data about the characteristics of the solid wastes of the respective city is a 
necessity. In order to decide or determine the types and quantities of facilities required for solid 
waste management and the best disposal options needed in a particular city, needs precise 
information about the quantities (generation rate) and the nature of the constituents 
(composition) of the solid wastes produced in the city. Even to plan for future provision of 
facilities, projected increases in quantities of each waste stream (source) should be estimated 
(Rushbrook, 1999).   
 
2.7.1 Composition of Domestic Solid Waste 
Typically components of most residential solid wastes are Food wastes, paper, cardboard, 
plastics, textiles, leather, yard wastes, wood, glass, tin cans, aluminum, other metal, ashes, street 
leaves, special wastes(including bulky items, consumer electronics, white goods, yard wastes 
collected separately, batteries, oil, and tires), and household hazardous wastes(Tchobanoglous 
and Kreith, 2002). The percentage of RSW components vary with location, season, economic 
condition and many other factors (Kreith, 2002). Composition of Solid Wastes plays a major role 
in determining compaction, decomposition and incineration process. 
 
2.7.2 The Rate of Generation of Solid Wastes 
Waste generation refers to all activities of identification of materials as no longer being of  value  
and  thus  are  either  thrown  away  or  collected  for  disposal. While Solid waste generation 
rate: refers to the “amount of waste disposed during a given period of time and the quantification 
of it involves different methods: by measurement at the point of generation, through use of 
vehicle survey and by examination of records at the disposal facility” (UNEP, 2009) .Economic 
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status of the household, geographic location of cities and the attitude of residents about waste are 
some of the factors that directly affect waste generation rate of cities. 
 
Correct information on Solid waste generation rate and quantity of wastes helps to determine the 
required human, financial and equipment resources for management of these wastes. Generation 
of Solid Wastes is a critical phase that determines the activities of all the subsequent functional 
elements.  In  other  words,  there  is  a  strong  interdependence  between waste  generation and 
the other  functional  elements, and this is known as  systems  continuity, (Tchobanoglous, 
1977).  
 
Although developing countries have a lower rate of waste generation compared to developed 
countries, their quantum of waste is high owing to their higher levels of population growth. This 
clearly shows impact of population size on waste generation rate (Pipatti et al., 2006).  On the 
other hand, people’s attitude towards waste can also conditioned solid waste generation rate in 
the form of their pattern of material use and waste handling, their interest in waste reduction and 
minimization, and the degree to which they refrain from indiscriminate dumping and littering 
(Schubeler, 1996). Solid waste generation rates and composition vary from country to country 
depending on the economic situation, industrial structure, waste management regulations and life 
style (Pipatti et al., 2006). For effective planning and development of strategies for sustainable 
management of solid waste, information about the quantity and categories of waste is of great 
importance. Thus, in the modern world, quantification and characterization are the most 
important processes of all sustainable solid waste management systems (Senzige, et al., 2014).  
2.8 Physical Properties of Solid Wastes 
 
Physical property of solid wastes includes identification of the individual components that make 
up municipal/domestic solid wastes, analysis of particle size, moisture contents and density of 
solid wastes. In  addition  to  analyzing  for  quantity  and  composition,  it is recommended  that  
the sampling program include provision for determining moisture content, bulk density, and 
particle size distribution (Cunningham, 2008). 
 
The most important parameters of physical properties of solid wastes are specific weight 
(density), moisture content, particle size and distribution, field capacity and permeability of 
compacted Waste. 
2.8.1 Particle Size 
One of the most widely used physical properties for materials separation is particle size (Pavoni 
et al., 1975). The size of the component materials in solid wastes is of importance in the recovery 
of materials from the solid waste stream (Peavy, 1985). It is a necessary prelude to separation 
operations and may be justifiable in disposal operation because of the greater efficiencies and 
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effectiveness in both composting and incineration operations resulting from a continuous feed of 
virtually uniformly size pieces of solid wastes (Pavoni et al., 1975).in addition to this particle 
size distribution particle size plays a vital role in composting process. A reduced particle size 
increase the biochemical reaction rate during aerobic composting process and the most desirable 
particle size for composting is less than 2 inch(50 mm) (Tchobanoglous, 1993) 
2.8.2 Moisture Content 
According to (Tchobanoglous and Kreith, 2002), Theoretically, the optimum moisture content of 
the wastes is one that approaches saturation, provided that the material can be sufficiently 
aerated to meet the oxygen demand. The penalty for moisture shortage is inhibition of microbial 
activity. Because almost all biological activity ceases at moisture contents lower than about 12 
percent, the more closely the moisture content of a composting mass approaches that level, the 
less is the intensity of the microbial activity. The consensus is that efficient composting requires 
that the moisture content of the composting must be maintained at or above 45 to 50 percent. 
 
Moisture content of solid wastes usually is expressed as the mass of moisture per unit mass of 
wet or dry materials. In formula, the wet-mass moisture content is expressed as follows: 
Moisture content (%) = ((w-d)/w) x100 where w=initial mass of sample as delivered and d=mass 
of sample after drying. The moisture content of the solid waste is determined from the laboratory 
by drying the sample at 1050C in the dry oven for 1 hour and by using the above formula. 
 
2.8.3 Density 
Density of solid waste is considered one of the important characteristics of solid waste which is 
vital to determine the total weight of waste that can be held in a container, decide the number of 
containers required for the total waste, determine the collection frequency and determine the 
number of vehicles required for the collection and transportation of solid waste. The density of 
solid wastes varies markedly with geographic location, season of the year, and length of time in 
storage (Peavy, 1985).It is defined as the weight of a material per unit volume.  
2.8.4 Field Capacity 
Field Capacity is defined as the total amount of moisture that can be retained in a waste sample 
subject to the downward pull of gravity. Field capacity is critically important in determining the 
formation of leachate in landfills. It varies with the degree of applied pressure and the state of 
decomposition of wastes, but typical values for uncompacted commingled wastes from 
residential and commercial sources are in the range of 50 - 60%. 
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2.8.5 Permeability of Compacted Waste 
The permeability (hydraulic conductivity) of compacted solid waste is an important physical 
property because it governs the movement of liquids & gases in a landfill. Permeability depends 
on; Pore size distribution, Surface area and Porosity. 
2.9 Solid Waste Management in Africa 
One of the major problems in urban African cities nowadays is the collection, treatment, 
transportation, storage, and eventual disposal of waste. Consequently, people have witnessed a 
relatively poor waste management practices characterized by indiscriminate dumping of refuse in 
water bodies and isolated places which further exacerbates the already low sanitation level in 
most African countries. The prevailing increase in the level of urbanization in Africa is expected 
to continue in the future. However, a major concern is that there are no adequate infrastructural 
facilities and appropriate land use planning to match up with the demands posed by the urban 
growth rate especially the slums and ghettos in Africa (Ibrahim Adebayo et al., 2016) 
Ibrahim Adebayo also discussed, the major composition of wastes generated in most part of 
Africa is biodegradable organic materials. Most of the wastes are biodegradable based on 
people’s consumption which generates much kitchen and compound wastes. As a result, there is 
need for an efficient collection system to anticipate disease outbreak and other negative 
environmental impact. Moreover, the global trend of electronic gadgets which ultimately 
generates e-waste is becoming a threat in Africa. There is therefore the need for efficient system 
of collection to avoid negative environmental impacts. 
According to Ibrahim Adebayo, Residential wastes are among the highest generator of waste. In 
Uganda for example, the residential wastes takes a portion of 52-80% of the weight of wastes 
produced, followed by markets, commercial sectors, industrial sectors and others. The major 
wastes produced are the food wastes while minor portion of the wastes produced are comprised 
of paper, plastics and ceramics. This also happens at other African countries like Kenya. A case 
study of 4 towns in Kenya; Nairobi, Nakuru, Mombasa and Kisumu shows that around 61% of 
the wastes produced there are residential wastes, followed by industrial and others such as 
hospitals and markets. Regarding solid waste composition, most studies showed that the major 
composition of wastes generated in most part of Africa is biodegradable organic materials and 
almost all east African cities generate less than 1 kg/of waste per capita per day. 
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Table 4 Composition of solid wastes generated in East African urban centres 
(Source NEMA 2007) 
Waste 
Composition 
(%) 
     Dar es 
Salaam 
Moshi  Kampala Jinja Lira Nairobi 
Bio-waste  71 65 77.2 78.6 68.7 65 
Paper  9 9 8.3 8 5.5 6 
Plastic  9 9 9.5 7.9 6.8 12 
Glass  4 3 1.3 0.7 1.9 2 
Metal  3 2 0.3 0.5 2.2 1 
Others  4 12 3.4 4.3 14.9 14 
Kg/cap/day 0.4 0.9. 0.59 0.55 0.5 0.6 
Percent 
collection 
40 61 60 55 43 65 
Population  3,070,060 183,520 1,700,850 91,153 107,809 4,000,000 
 
One major challenge of MSW in Africa is the creation of enough capacity not only limited to 
monetary terms but also in technological and infrastructural advancement. This is required so as 
to drive at an environmentally sound waste management wherein recovery and recycling of 
waste streams across Africa will be achieved. There is need to have access to finance and 
technical knowledge and this will go a long way in assisting the waste management 
municipalities who are most times ill-equipped to deal with prompt collection and disposal of 
waste. Furthermore, private sectors that have the means and are willing to go into waste 
management have been prevented by certain by-laws which give all waste management 
responsibilities to government bodies. In addition, lack of transparency, bad governance and 
prevalence of corruption in most African countries are major problems militating against 
efficient MSW management. (Ibrahim Adebayo et al., 2016) 
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3. MATERIALS AND METHODS 
3.1 Study area 
The study area of this research is Burayu city.  Burayu is located in Oromia National Regional 
State, Oromia Special Zone Surrounding Finfine at a distance of 10 km from Addis Ababa. Its 
astronomical location is 9º02’30’’North Latitude and 38º03’30’’- 38º41’30’’ East Longitude. 
The city was founded in 1953.   Burayu is one of the reform cities in the region and has a city 
administration, municipality and six kebeles. The city has Integrated Development Plan which 
was prepared in 2006. Administratively, it is a part of Oromia State that bordering with the other 
Oromia cities in the three directions. Sebeta town in the south, Welemera district in the west, 
Sululta  town in the north and Addis Ababa city in the east are the . 
At most Burayu's landscape seems plateau (flat land) and sub-high. Fourteen degree centigrade 
and 1188 mm annual rain fall in average are other seasonal aspects of Burayu city. According to 
an article on Ethiopian Herald (2016), in recent years Burayu became one of the fastest growing 
cities in Ethiopia. Every corner of the city began experiencing change, especially in the first 
Growth and Transformation Plan (GTP I) 2010-2015. In this period, a number of infrastructures 
have been built in the city. For instance, 200.3km gravel road, 22.68 culverts, connecting 61.9 
km electric line and building 373 sheds were among some of infrastructural progress. 
Burayu is one of the fastest growing cities in Ethiopia. According to the Central Statistical 
Agency census conducted in 2007, the forecasted population of the city would be 71,900 in 
2015. But when we look at to this figure, it is not realistic when compared with the current 
population of the city. According to the Ethiopian herald newspaper published in 2016 the city 
has a total population of 150,000 which is almost twice the amount of the population projected 
by the Central statistical agency of Ethiopia in 2007.But the total population of Burayu city 
according to Burayu City Administration Annual report of 2016 is 151,166. Today the city lies 
on 66.5 square km land. The city is composed of six kebeles namely Gafarsa Burayu, Burayu 
Kata, Laku Kata, Gafarsa Guje, Gafarsa Nono and Malka Gafarsa. 
The study included all six kebeles in order to have accurate results. But the number and types of 
households chosen from each kebele were determined based on the Population size of the kebele 
and difference in income level of households. 
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Figure 2 Map of the study area 
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3.2 Sample Size Determinations 
Sample size determination was the first step involved in the long process of the study. Sample 
size of households (n) was determined using Cochran (1977) formula. According to Cochran 
(1977), the formula that connects total sample size housing unit (n) with the desired degree of 
precision is given below. 
  
                        n =    NZ2PQ…………………………………………….. (Eq. 1) 
  D2 (N-1) +Z2PQ 
n= sample size of housing units 
P = Housing unit variable 
Q= 1-P 
N= Total No of housing units 
Z= Standardized normal variable and valued that corresponds to 95% confidence 
Interval equal 1.96 
D = Allowable error (0.05) 
 
Among the many formulas that are derived by many scholars e.g. Cochran (1977), Mark (2005) 
and Singh and Chaudhury (1985). Cochran (1977) was used to sample house determination, 
because it uses all the variables which include the total population, in this case the total number 
of households found in the city, confidence level, Degree of variability and allowable error (The 
Level of Precision). The Burayu city administration indicated that there are a total of 31,652 
registered housing units in the city (N).Among these registered legal housing units 87% (26,094) 
of them is residential households, and the rest 13% is a combination of commercial, institutional 
and industrial buildings. Since our focus in residential house hold units our (P) value is 0.87 and 
our q value is 0.13. 
Then from the 31,652 total housing units (N) of Burayu city, the total number of samples of 
housing units (n) is determined using above formula. 
 
 n =     NZ2PQ…………………………………………….. (Eq. 1) 
       D2 (N-1) +Z2PQ 
 n =
31,652(1.96)(1.96)(0.13)(0.87)
(0.05)(0.05)(31,652−1)+(1.96)(1.96)(0.87)(0.13)
 = 172.85 
Thus n=172 is the minimum sample size calculated for 26, 094 residential buildings and 31, 652 
Housing units in the city to obtain a reliable result. But during the course of the study 199 houses 
participated from all 6 kebeles.  
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3.3 Identification of Study Households 
Identification of study households is a very important step in order to have a good representative 
result. The total samples in a specific kebele were calculated by taking the proportion between 
the total sample house units in the city and the total population of each kebele.The projected total 
population of Burayu city of 2016 according to Ethiopian central statistics agency of census 
2007, was 72,532. Which is a low figure compared with the data obtained from Burayu City 
Administration Annual report of 2016.The total population of Burayu city according to Burayu 
City Administration Annual report of 2016 is 151,166.Thus, the later was found to be more 
reliable than the Ethiopian Central Statistical Agency data to conduct the study. No other recent 
data could be obtained for a reliable result. Thus the researcher was obligated to rely on the data 
obtained from the city administration. So taking this number and calculating sample 
representative houses for each kebele will be 
 Gafarsa Burayu=46,158 =30.5% 
 Burayu Kata=   31,348=20.7% 
 Laku Karta=     30,860=20.4% 
 Gafarsa Guje=   21,397=14.15% 
 Gafarsa Nano= 10,060 =7% 
 Malka Gafarsa= 11,343 =7.5% 
 Representative sample inGafarsa Burayu =30.5% ×199= 61 House Holds 
 Representative sample inBurayu Kata =20.7%×199= 41 House Holds 
 Representative sample in Laku Kata = 20.4%×199 = 41 House Holds 
 Representative sample in Gafarsa Guje = 14.15%× 199 = 28 House Holds 
 Representative sample in Gafarsa Nano =7%×199 = 14 House Holds 
 Representative sample in  Malka Gafarsa=   7.5%×199 = 14 House Holds 
To obtain a representative result, the number of housing units in each kebele was made 
Proportional to the population size of each kebele which is summarized below in the table  
 
Table 5 Sample Households in each kebele 
 Kebele Total Sample 
Households 
Lowe 
income 
households 
Middle 
income 
households 
High income 
households 
1 Gafarsa Burayu 61 30 24 7 
2 Burayu Kata 41 20 16 5 
3 Laku Kata 41 19 16 6 
4 Gafarsa Guje 28 13 12 3 
5 Gafarsa Nano 14 8 3 3 
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6 Malka Gafarsa 14 6 5 3 
 TOTAL 199 96 76 27 
 
A total of 199 Households were selected randomly in all six kebeles for sampling and study. To 
achieve one of the specific objective all households were stratified in to three income level 
groups; low, middle and high income groups. Identifying households into these 3 income groups 
was very difficult due to lack of information on income of households of the city and residents 
were not willing to give information their earning. Thus, the researcher was forced to find other 
ways to group household. Thus, Households living in slum and congested areas were considered 
as low income group, Households found which are neither in poor neighborhood nor the lavish 
buildings  areas  considered as middle income and Villas and G+1 and G+2 house were 
considered as  high income houses.. 
3.4 Source of Data 
In this study, the researcher used both primary and secondary data sources. For gathering 
primary data, the researcher used questionnaires, interviews, group discussion, field 
observations, laboratory test and field measurement. Primary data regarding the solid waste 
generation rate, percentage composition of RSW components, socio-economic status, housing 
condition, onsite solid waste handling, and currently existing residential solid waste management 
practices of the residents of Burayu City were collected. Questionnaires were prepared in English 
and Amharic for a better understanding in the survey .In addition to this, field observation was 
conducted all over the city, to asses Municipal Solid waste Infrastructures, households’ solid 
waste handling practices, illegal dumping, solid waste collection and transportation systems and 
disposal site facilities of the city. Secondary data was collected from different sources, including 
journal articles, books, policy briefs, study and municipal reports/documents. 
 
3.5 Waste Collection, sorting and measurement  
3.5.1 Waste Collection 
Prior to collection of wastes from households a discussion was held with the selected 
householders if there were willing to participate in the research program. It was very important at 
this point to convince the householders the use of this research and its output to the city and to 
the resident. Besides collecting wastes from household, information concerning the income 
levels of households, waste management of households and general information about the family 
in the household has been collected. 
Determining the generation rate and composition of solid wastes generated from households 
involves several steps that should be dealt carefully. The first step of this process was 
distribution of Plastic bags for each selected households one day before or prior to collection, 
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Identification was assigned to each household and corresponding level was given for each and 
every bag distributed for each household. The next step after distribution of plastic bags was, the 
collection of samples early in the morning and collected samples were brought to specific place 
by pickups and Donkey carts. Donkey carts were used for places were transportation of samples 
was difficult due to lack of suitable road access for the pickup. 
Two Trained collectors were assigned for each kebele for the collection of wastes from sample 
houses. Then after collection of wastes from households, the collected waste was then 
transported to a temporary sorting site by a pickup for sorting. This process of collecting wastes 
lasted for 8 week in all 6 kebeles. 
 
 
Figure 3 Collection from households by pick ups 
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Figure 4 Collection from households by donkey 
3.5.2 Measurement 
Prior to sorting of sample waste into its individual components, all samples which were collected 
from households were measured by scale balance and the values of each sample was recorded. 
 
Figure 5 Measuring of sample wastes prior to sorting 
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3.5.3 Sorting 
Sorting was the next step involved after collection of wastes in the long process of determining 
waste generation rate and composition of wastes from households. Sorting areas were selected 
based on location and adequacy of the area to accomplish the task. Since sorting of waste is time 
consuming and difficult, the researcher was obligated to increase the number of individuals that 
participate in the sorting process. Hence, Five individuals participated in sorting of wastes into 
components. 
 
 
Figure 6 Sorting of wastes process 
3.6 Physical Properties Analysis of solid waste 
3.6.1 Density Analysis 
Field measurement of wastes was carried out in order to determine the bulk specific weight of 
solid waste. In order to accomplish this task, 1m×1m×1m (1m3) wooden box, 0.01 m3(10 L) and 
0.02 m3 (20 L) circular plastic bucket were used to determine the weight of sample volume of 
solid waste. These alternative methods were used for a better and accurate result. First, a waste 
sample was poured into known volume equipment of (1m3, 0.01 m3 and 0.02 m3) and the solid 
waste sample was constantly shaken. Then, the density in (kg/m3) is calculated by dividing the 
net weight of the solid waste sample in the container by the container’s volume.  
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Figure 7  Circular plastic bucket 10L (0.01 m3)         Figure 8  Circular plastic bucket20L (0.02 m3) 
 
3.6.2 Size Distribution Analysis  
Beside the importance for recovery of materials, the size and distribution of the components of 
wastes influences the bulk density of the materials. Thus, the researcher believed it is important 
to determine the size distribution of waste in the city. Most vital of all, a reduced particle size 
increase the biochemical reaction rate during aerobic composting process and the most desirable 
particle size for composting is less than 2 inch(50 mm) (Tchobanoglous, 1993). Thus mesh sizes 
of 50mm, 25 mm.20mm and 10mm were used to determine the size distribution of waste. To 
determine Percentage of total mass of domestic solid waste based on size, fixed quantity of waste 
is poured to the mesh and retained quantities are calculated. 
 
 
. 
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Figure 9 Sieving for the purpose of size determination 
3.6.3 Moisture Content Analysis 
The moisture in a sample is expressed as percentage of the wet weight of the SW material. Due 
to its influence on the heat of combustion as well as in the biological processes of organic matter, 
Moisture contents of solid waste and its components should be calculated .Samples were 
immediately taken to the Ethiopian Geological Survey Laboratory after sorting of components of 
solid waste. Samples were analyzed in earliest time of collection as much as possible to 
minimize errors from moisture loss. Sorted components were taken to the laboratory with a 
different plastic sheet.  
 
The primary task to determine moisture content of sample was to weigh the aluminum dish/glass 
biker prior to filling the dish with sample. After the dish was filled with sample and weighted, 
the sample waste dried in an oven for 24 hrs at 105°C. Then the following step was to remove 
the dish from the oven and allow cooling in a desiccators, and weighing. The final step followed 
to calculate the moisture content (M) of the Solid waste sample by subtracting wet solid waste 
and dry solid waste. According to P. Aarne Vesilind,(1994) Moisture content of solid waste is 
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calculated by taking the proportion between the dry and Moist sample. Thus, to calculate the 
Moisture content (M) the following formula was used. 
 
               
 M=
𝑊𝑤−𝑊𝑑
𝑊𝑤
× 100……………………………….eq (3) 
 
Where, 𝑊𝑤=wet weight of sample 
                 𝑊𝑑= dry weight of sample 
 
Figure 10  Moisture content test 
3.7 Gaps and Challenge Analysis of Domestic Solid Waste 
Management 
 
To identify gaps and challenges of domestic waste management of Burayu city, field survey and 
site visit to all 6 kebeles was conducted. Site visit and observation was the most important tool in 
identifying the gaps in collection, transport, process and disposal of domestic solid waste in the 
city. In addition to site visit and observation, interviews with local residents, meeting with the 
stakeholders in the 6 kebeles and with the stakeholders in the city administration was conducted. 
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3.8 Assessment of Social and Health Impact of An Open Dumping 
site  
 
To assess the Social and Health Impact of an open Dumping site found in Laku Kata kebele, 
group discussion or focus group discussion with the local community members and interview 
with the residents was conducted. In addition to this, information was gathered from the kebele 
health sector bureau about the impacts of this dumping site to the residents living nearby. A total 
30 households participated in the study in order to study the impact on the local community 
3.9 Statistical Data Organization and Analysis 
 
Data obtained from sample residential houses through direct measurement, questionnaire, 
interviews and focus group discussion were analyzed basically using averages, ratios and 
percentages as a major summarizing tool. Excel program was used for the analyses of data 
obtained from solid waste measurements. 
 
The number of samples of each source per kebele, solid waste quantity and composition 
generated per day by each kebele, and the overall compositions of solid waste fractions or 
components of domestic solid waste are calculated and presented in Tables, charts and Figures.  
In addition to this, components like solid waste type generation rate, total quantity and 
composition of solid waste by source, number of samples of each source per kebele and overall 
compositions of solid waste are also presented. 
 
The qualitative data /perception, opinion, attitude etc. mainly obtained using open ended 
questionnaire and semi structured interview including the researcher’s observation were 
analyzed, described and interpreted in the form of narration.   After the whole efforts attempted 
above have been made the researcher was endeavored to identify the prevailing problems, 
comment s and suggestions forwarded concerning the problem understudy and improvements 
that needs to be made over the problem in order to tackle the major clause of the problem and 
ensure safe and environmentally sound sold waste management System. 
3.10. Materials and Instruments 
3.10.1. Safety materials 
Safety was the first priority that was considered during the whole research period. Mouth and 
Nose Mask, Hand plastic gloves and Plastic boot shoes were used to protect anybody who was 
associated with the study from bad odour, to prevent direct hand contact with the solid waste and 
to protect the leg from harm. 
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3.10.2 Materials and Instruments for Research Purpose 
A list of materials and instruments were used to conduct the research. Among the materials and 
instruments, Wood boxes for volume measurement, pick up vehicle for transport of waste, 
Balance scale For weight measurement of collected sample waste, Wire mesh for particle size 
determination(50mm,25mm,20mm,10mm), plastic bucket container of 10kg(10 L) and 20 kg(20 
L)Plastic sheets to ensure no loss of waste during sorting, plastic bags for collection of solid 
waste from each household, Trash bags for handling the collection of plastic bags, Photo Camera 
for capturing pictures. Digital Oven (Carbolite) was used in the laboratory for drying of the moist 
sample and determines moisture content of sample waste. 
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4. RESULTS AND DISCUSSIONS 
4.1 Generation Rate 
4.1.1 Per Capita Solid Waste Generation Rate 
Despite its importance for any type of solid waste management, the Burayu city administration 
did not conduct any survey on the domestic solid waste generation of the city. All terms 
concerned with domestic solid waste management like the collection frequency or the quantity of 
collection vehicles, the quantity of storage containers, and the capacity of disposal site (the 
disposal /land fill design), the workforce size, and amount of budget required in a particular 
urban area are mainly the function of the rate of generation of solid wastes of the respective 
urban area. As the rate of domestic solid waste generation from households increases, so does the  
attention required to manage all solid waste generated from residents. 
 
To calculate the domestic waste generation per capita per day of Burayu city, the total solid 
waste generated from all sample households over the collection period which was 2 month (7 
collection days for each household), is divided by the total family size from all sample 
households. In This case the total family size from the sample households was 1157 and the 
amount of waste collected from over a two months period from all households was 2330.1 kg. 
 
Domestic waste generation of Burayu city=
2,330.10
7×1,157
=0.288 kg/cap/day 
The above figure indicates that every resident in Burayu city generates 0.288 kg of waste every 
day. But a 0.288 kg of waste generation per individual is a low figure even when compared to 
cities found in low income countries. According to the World Bank sponsored international 
studies where the average rate of solid waste generation of the lower income countries of the 
world ranges between 0.4 and 0.6 kg/capital/day (Rush brook, 1999).  
 
  
A latest study in a global review of solid waste management study by the World Bank in 2012 
indicated that Sub-Saharan Africa countries have an average of 0.65kg/cap/day generation rate. 
The generation rate of Burayu city (0.288 kg/cap/day), is still very less even when compared 
with the World Bank study for other Subs-Saharan cities which is 0.65kg/cap/day. Thus, many 
reasons may be behind the low generation rate of the city. Among which a very low income 
level, consumption behavior and type of waste generated might be behind the reason of a low 
generation rate. 
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Table 6 Domestic waste generation of Burayu city 
Income 
groups 
No of 
sample 
HHs 
Family 
size 
Qty/HH/week 
(kg) 
(2 month 
collection 
period) 
Qt/HH/day 
(kg) 
Generation rate of 
a group 
Qt/day/person(kg) 
Total 119 1,157 2,330.10 332.87 0.288 
 
If we compare the value from Burayu city with other cities in Ethiopia, we will come across the 
same story which is a lower figure compared with put by the World Bank study for sub-Saharan 
cities.. A study conducted in 2008 in Jimma city, which has relatively the same economic and 
demographic situation as Burayu city, indicated that the household solid waste generation rate 
per capita is 0.157 kg/day. Other study by Solomon Cheru in 2011 indicated that the generation 
amount of Dessie city is a 0.231 kg/cap/day.  According to Muktar Ahmed and mesfin assefa 
study of 2017, Lega Tafo Laga Dadi Town, the household solid waste generation rate per capita 
is 0.43 kg/day.  
 
An evaluation of the characteristics of the solid waste generated across popular and economically 
significant cities of Africa, namely Cairo (Egypt), Lagos (Nigeria), Johannesburg (South Africa) 
and Nairobi (Kenya) indicted that the average per capita waste generation is 0.7 kg/day 
(Eminike, 2013).Hence, it can be clearly seen that Burayu cities generation rate 
(0.288kg/cap/day) is relatively closer to other cities in Ethiopia but, significantly lower than 
other African cities. 
 
4.1.2 Total Waste Generation in Day, Week, Month, and Year 
Based on the per capita per day generation of 0.288 kg, the daily, weekly, monthly and annual 
generation amount of 151,166 inhabitants is 43,535.81kg (43.5 ton) ,304,750.7kg (304.7 ton) , 
1,306,074.24(1306 ton) and 15,890,570(15,890.5 ton) respectively. Here below is the summary 
of generation amount in the city.  
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Table 7 Total Waste Generation in a Day, week, Month and Year 
 Total Waste Generation( 6 kebeles) 
Kg 
Daily 
43,535.81 
Weekly 304,750.7 
Monthly 1,306,074 
Annually 15,890,570 
Considering a daily generation amount of 0.288/kg/cap/day, the domestic solid waste generation 
amount of the city can be calculated by multiplying it by total population of each kebele. 
Table 8 Waste generation amount per kebele 
  kebele population 
per kebele 
waste 
generated 
amount per 
day (kg) 
waste 
generated 
amount per 
month (kg) 
waste 
generated 
amount per 
year(kg) 
1 Gafarsa Burayu 
46,158 
   13,293.50         
398,805.12  
     
4,852,128.96  
2 Burayu Kata 
31,348 
     9,028.22         
270,846.72  
     
3,295,301.76  
3 Laku Kata 
30,860 
     8,887.68         
266,630.40  
     
3,244,003.20  
4 Gafarsa Guje 
21,397 
     6,162.34         
184,870.08  
     
2,249,252.64  
5 Gafarsa Nano 
10,060 
     2,897.28            
86,918.40  
     
1,057,507.20  
6 Malka Gafarsa 
11,343 
     3,266.78            
98,003.52  
     
1,192,376.16  
Total 
151,166 
   43,535.81      
1,306,074.24  
   
15,890,569.92  
 
4.1.3 Generation Rate Based on Income level 
Economic status of households is one of the major factors which has direct impact on domestic 
solid waste generation rate of that specific house. Household were classified into higher, middle 
and lower income based on their ownership status of household residence and housing condition. 
Based on the criteria’s listed above among the 119 sample households, 96 houses were a low 
income group, 76 houses were middle income group and 27 houses were from high income 
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group. The result from the study showed that the living condition or the socio economic 
condition of households directly affects the waste generation. 
 
The average generation rates of the groups, the higher income, middle-income and lower-
income-groups are 0.39kg/cap/day, 0.32kg/cap/day, and 0.24kg/capital/day respectively. This 
clearly shows that solid wastes generation rate varies significantly with socio-economic 
condition, particularly economic status of the households. The higher income groups generate 
relatively larger quantities of solid waste than the lower income households. And the middle 
income groups which generates 0.32kg/cap/day falls in between the middle and high income 
groups. Although the higher income group generates 0.39 kg/ca/day which is a larger figure 
when compared to the average value of 0.288 kg/ca/day, its contribution to the average value is 
low due to the lower sample households during the study compared with the lower and middle 
income groups. 
 
Table 9 Generation rate based on income level 
 
Income 
groups 
No of 
sample 
HHs 
Family 
size 
Qty/HH/week 
(kg) 
 
Qt/HH/day 
(kg) 
Generation rate of 
a group 
Qt/day/person(kg) 
Lower 96 586 983.81      140.54  0.24 
Middle 76 433 970.37      138.62  0.32 
Higher 27 138 375.92         53.70  0.39 
Total 119 1,157 2,330.10      332.87  0.288 
4.2 Composition of Solid Wastes 
As it is discussed in the literature review, the percentage composition of components in the 
residential solid waste is directly related to the environment, socio-economic condition and 
location. The percentage composition of each residential solid waste component generated from 
households was determined by dividing the total amount of a particular solid waste component 
type collected over a weak with the total amount of solid waste of all components within seven 
days. 
The composition of solid waste is a key determinant in decisions concerning types of vehicles 
needed for collection and transfer, requirements for final disposal, and resource recovery 
alternatives (Corrales and Horton, 1995). As it can be seen from Table 10 the greater share 
among all components is food wastes, which constitute 48.7% of the total household wastes by 
weight. Studies also showed that large portion of solid wastes of developing countries is food 
wastes (Tchobanoglous, 1993).The second most abundant component of solid waste is Ash and 
fine sand, which constitute 21.7 % of the total waste by weight. The third larger contributor to 
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the composition is Yard Wastes (Leaves Grasses and woods) which covers 19.4 %.Next to Yard 
Wastes, Dust ,Ash and fine sand accounts for (21.7 %) by weight. These 3 components of waste, 
which include food wastes, dust, Ash and fine sand and Yard Wastes, make up 89.8 % of the 
total composition of the waste. The remaining 10.2% is composed of Paper, Plastics (bottles and 
sheet), Metal, Glass and ceramics, and Rubber. 
 
Although, paper and plastic constitute 2.3% and 3.8% of the total composition of waste, which is 
a low figure when compared to the above components, these items are the major reasons of 
pollution in the city. Due to low weight, these components could be transported from a certain 
place to other places by wind and storm water. Thus, despite their lower composition amount, 
their effect on the environment is immense. The other components which include Metal, Textile, 
Glass and ceramics and, Rubber and leather constitute 0.4%, 1.7%, 0.4% and 0.6% respectively. 
 
The biodegradable component of urban solid waste constitutes organic wastes such as food 
Waste and garden waste which undergo biological degradation under controlled conditions and 
can be turned into compost or organic fertilizer. While non-biodegradable wastes includes 
inorganic materials which can’t be decomposed and degraded. The results of this study show that 
high proportion of the household’s waste is either recyclable or easily decomposable. 
 
Table 10 Domestic solid waste composition 
  
Solid waste Components 
Percentage 
composition by 
weight (%) 
1 Food Waste 48.7 
2 Paper and cardboard 2.3 
3 Yard Wastes (Leaves Grasses and woods) 19.4 
4 Dust ,Ash and fine sand 21.7 
5 Plastics(bottles and sheet) 3.8 
6 Metal 0.4 
7 Textile 1.7 
8 Glass and ceramics 0.4 
9 Rubber and leather 0.6 
 Total 100 
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Figure 11  Domestic solid waste composition 
 
 
4.3Physical Properties of Domestic Solid Waste 
4.3.1 Density of Domestic Solid Waste 
Density of solid waste is considered one of the important characteristics of solid waste which is 
vital to determine the total weight of waste that can be held in a container, decide the number of 
containers required for the total waste, determine the collection frequency and determine the 
number of vehicles required for the collection and transportation of solid waste. This topic will 
be discussed latter on in the gaps and challenges section 
 
A 1*1*1m3Cube box, 0.01 m3 (10 L) and 0.02m3 (20 L) circular plastic bucket were used for the 
determination of bulk density of sample waste for a better and accurate result. All the three 
methods were used to generate a representative result and to avoid error upon calculation of 
density. The bulk density of the solid waste of Burayu City is calculated to be 
350.2kg/m3.Comparing this value with world bank studies for lower income countries (250 
kg/m3-500 kg/m3), middle (170-330) and high income countries (120kg/m3 -200 kg/m3), it can be 
concluded the obtained value falls within the range of bulk density in Lower  income countries 
(250 kg/m3-350 kg/m3).High percentage of food wastes plays a great role in the increased bulk 
48.7
2.3
19.4
21.7
3.8
0.4
1.7
0.4 0.6
Food Waste
Paper,
Yard Wastes(Leaves
Grasses and woods)
Dust,Ash and fine
sand
Plastics(bottles and
sheet)
Metal
Textile
Glass and ceramics
Rubber and leather
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density, since food waste is the densest of all components. Each Components density was also 
analyzed and the obtained results are presented in table 11. 
 
Table 11 Density of Domestic solid waste composition 
  
Solid waste Components 
 
Density (Kg/m3) 
1 Food Waste 370.3 
2 Paper, 82 
3 Yard Wastes(Leaves Grasses and 
woods) 
100.9 
4 Dust ,Ash and fine sand 1356 
5 Plastics(bottles and sheet) 57.6 
6 Textile 71.6 
7 Glass and ceramics 227 
8 Rubber and leather 108.2 
 
4.3.2 Moisture Content 
The moisture content was determined by weighing each component of the waste sample as 
discarded which represented its wet weight and then drying it to a constant weight at a 
temperature of 105 ºC for 24 hrs and then measuring the weight change. This weight loss is then 
expressed as a percentage which represented moisture content.  The compositions and moisture 
contents of the waste from the study area are described in the table below 
 
Table 12 Moisture content of domestic solid waste components 
  
Solid waste Components 
Composition 
% 
 
Density 
(Kg/m3) 
 
Moisture 
content (%) 
1 Food Waste 48.7 370.3 58.8 
2 Yard Wastes(Leaves and 
Grasses ) 
19.4 100.9 51.2 
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Composting results in a volume reduction of up to 50 percent and consumes about 50 percent of 
the organic mass on a dry weight basis, by releasing mainly CO2and water. Composting breaks 
down easily degradable plant and animal tissue but does not produce appreciable changes in 
difficult-to-degrade organics (wood, leather, polymers) or in organics (dirt, glass, ceramics, and 
metals) (Tchobanoglous and Kreith, 2002). Thus, Food Waste and Yard Wastes (Leaves and 
Grasses) are among the raw waste which are suitable for effective and reliable source of a 
compost product. The penalty for moisture shortage is inhibition of microbial activity. Because 
almost all biological activity ceases at moisture contents lower than about 12 percent, the more 
closely the moisture content of a composting mass approaches that level, the less is the intensity 
of the microbial activity. The consensus is that efficient composting requires that the moisture 
content of the composting mass be maintained at or above 45 to 50 percent (Tchobanoglous and 
Kreith, 2002). 
 
As it can be seen from table 12, the moisture content of food waste and yard waste at 1050Cfor 24 
hour was found to be 58.8 % and 51.2 % respectively. The moisture content of food waste is 
high because of the high proportion of green vegetables in food waste. In order to increase the 
composting potential of raw waste components, components which have lower moisture content 
like  paper, plastic, textile, Glass and ceramics, and Rubber & leathers should be removed for 
recycling or any other activity prior to the composting process. Thus 68.1 % of the waste in 
Burayu city can easily be converted into Compost. The other significance of Moisture content is 
in the land filling process. If sufficient moisture is not available than gas formation will not 
proceed and in some cases will not start at all. According to Dach & Jager report, water content 
is the most important parameter kinetics of degradation. Reduced biodegradation or no 
biodegradation takes place when moisture content is below 25%. Hence, it can be concluded that 
most of Burayu city’s domestic solid waste can be degraded biologically due to high moisture 
content. 
 
4.3.3 Size Distribution of the Solid Waste Generated From Households 
Irregularity in the particle size distribution of the solid waste is defined as Size Distribution of 
the Solid Waste. Particle size is one of the defining physical characteristics of solid waste. 
Particle size influences the bulk density, internal friction and flow characteristics, and drag 
forces of the materials (Tchobanoglous and Kreith 2002). Most vital of all, a reduced particle 
size increase the biochemical reaction rate during aerobic composting process and the most 
desirable particle size for composting is less than 2 inch (50 mm), but larger particles can be 
composted (Tchobanoglous and Kreith 2002).If particles size is greater than 50mm, it needs to 
be shredded into smaller size in order to make it suitable for composting. In addition to 
composting particle size the size of the component materials in solid wastes is of importance in 
the recovery of materials from the solid waste stream (Peavy, 1985). Thus, it is very Significant 
in design of mechanical separators and shredders. 
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As it was discussed in methods and material section, Wire mesh for particle size 
determination(50mm,25mm,10mm) were used.The Percentage of total mass of domestic solid 
waste based on size from the study area is described in the Table  below. 
 
Table 13 Particle size of solid wastes 
 Waste<10m
m size 
10-25 
mm 
size 
Waste between 
25-50 mm size 
Waste>50 mm size 
Percentage of total mass 
of domestic solid waste 
based on size 
14% 15.3% 27.7% 46% 
 
As it can be observed from table 12 , 54% of the component do not need shredding or reduction 
of size for composting, while 46% of waste is above 50mm and need reduction to the desired 
size for an increased rate of aerobic composting . 
4.4 Gaps and Challenges of Domestic Solid Waste Management in 
Burayu City 
The Burayu city administration is responsible for almost all process except with collection of 
waste from households, which is executed by micro enterprises and residents of households 
themselves. The container service, transportation service, and disposal site service is fully the 
responsibility of the city administration. So in order the identify gaps and challenges in 
implementation of suitable Solid waste management in the city, one has to identify where exactly 
is the gap in the solid waste management chain. Since collection, storage, transportation and 
disposal are all interdependent to each other. If one of these processes is affected or has problem 
with execution, the entire solid waste management system will fail. Hence, for a satisfactory 
waste management system problems with each of components in the chain should be identified 
and solved. 
 
 4.4 .1 Household waste Handling and Storage 
The primary storage site is the location where waste is first stored at household level. 90% of 
households who participated in the study give greater care for the storage sites, since they 
understand that poor waste storage at the compound of the household have a direct effect on 
them. The residents use different mechanisms to store waste at household level. This is mainly 
because the nature of storage material of households is dependent on characteristics of solid 
waste (rate of generation, physical and chemical composition, moisture content of waste etc.), 
collection frequency and types of collection equipment, space available for placement of the 
storage materials, and economic power of solid waste generators (Tchobanoglous, 
1977).Residents of Burayu city use different type storage materials in their compound. Sack 
(madaberiya), plastic bag (festal), metal containers, basket, private pit and card board are Types 
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of primary solid waste storage materials that are used in the city. The Partial view of solid waste 
storage materials of households is shown in the picture below. 
The majority of households (64.82%) stock up their solid waste in sack .This is highly related 
with the least cost of sack, easily availability in the market, its suitability for holding large 
volume of solid wastes, and low frequency and spatial coverage of door to door solid waste 
collection service of the city. Next to sack, about 22.61 % of households use plastic bag followed 
by basket (6.53 %) because of their frequent but low generation of waste and economical power 
to utilize replicable storage materials such as plastic bags. Following these there are households 
that use private pit (1.51 %) and cardboard (2.51 %) as storage material of solid waste in their 
home. This is due to availability of space in their compound and household’s need to prepare 
fertilizer for vegetable growing. Metallic container which covers 2.01 % is the least used 
material. 
 
 
Figure 12 Types of primary solid waste storage materials of households 
4.4.2 Solid Waste Separation, Processing and Recovery Activities of Households   
4.4.2.1 Solid waste separation  
In developed nations process and recovery of waste is executed at a process and recovery facility 
to separation of recyclable, reusable, compostable wastes to sell or to recover. Most of the time, 
this process is executed after collection and transportation of waste to processing and recovery 
facility. But no such facility is available is Ethiopia. In all Ethiopian cities including Burayu, 
most of valuable materials are recovered at household and at dumping site. Processing and 
recovery of solid waste has multi significances: It increases the efficiency of the solid waste 
collection and disposal service for it reduces the potential size of solid wastes and thereby 
savings in costs of solid waste collection and transportation can be achieved; it increases the 
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conversion of solid wastes into usable items and ultimately the exploitation of natural resources 
could be reduced; and it would be the main sources of earnings of the individuals involved in 
informal activities. However, despite the enormous benefits achieved from the processing and 
recovery of solid wastes, there has no any attempt to practice it.    
 
Informal activities like, Liwach and kuralew have high economic value, it can increase the 
efficiency of the solid waste management service for it is able to reduce the quantity of solid 
waste that otherwise would have been collected and disposed off to the disposal sites by the city 
administration. Among the respondents 85 % of residents responded that they won’t dump metal, 
textile waste and old shoe due to its economic importance. The residents sell metal wastes to 
kuralew and earn money. And also the residents exchange textile with new plastic products from 
the Liwach. These two trends both benefit the residents as well as the informal activity workers. 
Thus, Metallic materials and textile are rarely thrown away anywhere. 
 
These two Informal activities have not been identified by the city administration for their great 
importance in solid waste management. But both activities should be highly encouraged as its 
importance is invaluable for recovery of metal and textile wastes. As a result of the above 
reasons, the composition of these components in the raw waste of the city is very low. Metal 
waste covers 0.4 % and textile covers 1.7 % from the total sample waste. 
 
The other waste, that is inorganic and which can be recovered and recycled is plastic waste. 
Although the composition of this component by weight is low, its effect on the environment is 
high. No efforts had been made either by residents or by the city administration to properly 
manage plastic wastes. As a result the effect of this component can be clearly seen in the city. 
Ditches in the resident areas are filled with plastic bottles that are mostly thrown from residential 
houses. 45 % of the residents who participated in the questioner don’t think that plastics have 
effect on the environment. This clearly shows us, much has to be done to create awareness in the 
community about the negative effect of plastics on the environment. 
 
4.4.2.2 Resource recovery activities 
Resource recovery activity of residents was assessed based on the recycling, reusing and 
composting habit of households. Accordingly, it is found that participation of the society is still 
very low even as it is compared to Separation of solid waste. From the very beginning the 
number of respondents who have awareness about the concept of recycling, reusing, and 
preparation of compost are low (35.2 %). This fact demonstrates that there is lack of awareness 
about sustainable solid waste management practices within the society since reusing, recycling 
and composting concepts are considered as pillars of sustainable solid waste management. 
 
Aside from awareness of the society, the numbers of respondents who are currently practicing 
such activities are also very insignificant in number. About 30 houses (15 %) of them carried out 
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reusing. The major types of materials which are reused by the society are glasses, bottles, 
metallic materials, plastic materials, textiles, and umbrellas with accompanying some sanitation 
and maintenance activities by themselves or through taking it to maintenance experts. In terms of 
recycling, none of the respondents are practicing this task. The main reason behind low recycling 
and reusing activities of the society is their less interest and very low economic feasibility of 
recycled materials. Even though few people have interest to practice such activities, lack of 
technical ability, financial capacity, material and space, and absence of support from their family 
and society discouraged them.  In addition to the above, none of the sample houses try to reduce 
wastes at source. 
 
On the other dimension 17 (8.5 %) respondents are presently preparing compost. But, based on 
the response of those respondents and my own observation most of compost preparation 
activities is not a sustainable one and most of households lack of technical skill of compost 
preparation.  As it is been discussed in the composition of solid waste section, Solid waste 
generated in Burayu city has high content of Biodegradable waste (food waste, leaf grass etc.)   
Which Covers 68.1% and recyclables material (paper, plastics, glass, metals, ceramics etc.) 
covers 6.95% of the total components. Hence most of the city’s waste can either be composted or 
recycled rather than dumping it to the disposal site.  
4.4.3 Door to Door Solid Waste Collection and Transport 
4.4.3.1 Collection 
Door to Door Solid Waste Collection is largely applied for collection of solid waste from 
residential areas. It is provided by small scale enterprise (SSE).Currently there are a total of 9 
small scale enterprises in the city that have specific duty to collect waste from voluntary 
households who want to get the service. 
 
Table 14  No of Small scale enterprises in each kebele 
 kebele No of Small scale enterprises 
1 Gafarsa Burayu 2 
2 Burayu Kata 2 
3 Laku Kata 3 
4 Gafarsa Guje 0 
5 Gafarsa Nano 0 
6 Malka Gafarsa 2 
Total 9 
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Not all houses want their waste to be collected by these SSE.  Among the sample households, 
only 35.2 % are willing to get the service but the rest 64.8 % of households do not use this 
service at all. Households who do not use the service raised two reasons. Households who claim 
that the monthly payment is expensive and they couldn’t afford to pay is 45%.  The rest 55% said 
they were not interested in getting the service and they could take the waste to the transfer station 
by themselves without any help from the SSE. This shows us the fate of the waste generated 
from those 64.8% of households is not exactly known. All of these households say they dump 
their waste to the transfer stations, but this is not actually true. It was seen during observation 
that households throw their waste into the nearby ditches and open lands. Thus the city 
administration has a long way to go in addressing the problem of this properly uncollected waste. 
Table 15  Households involve in door to door collection 
 kebele No of sample households No of households involve in 
door to door collection 
1 Gafarsa Burayu 61 20 
2 Burayu Kata 41 25 
3 Laku Kata 41 21 
4 Gafarsa Guje 28 0 
5 Gafarsa Nano 14 0 
6 Malka Gafarsa 14 4 
Total 199 70 
 
Sometimes the enterprises don’t come and pick waste from households on regular bases. 
Residents claim that the SSE doesn’t pick wastes exactly in a week time, which will ultimately 
lead to waste load on the residents. Thus, the city administration should follow the enterprises 
regularly about their service to the community. 
Table 16 collection frequency from house holds 
 
 
 
 
 
 
Collection frequency Resident response 
1 week 43% 
1-2 weeks 36% 
2-3 weeks 14% 
Over 3 weeks 7% 
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Although the deal between the SSE and residents is a one week collection frequency, as it can be 
seen from the table 16, only 43% of households get the service according to agreement. The rest 
57 % get the service beyond a week period. Hence, residents say late service by the small scale 
enterprises is sometimes the reason behind the dumping of waste into ditches. Therefore, kebeles 
should regularly monitor the performances of these small scale enterprises in order to reduce 
public annoyance 
 
4.4.3.2 Primary Transportation 
After collection of waste from households, the small scale enterprises are responsible for the 
transportation of waste to the containers or sometimes known as transfer stations. Small scale 
enterprises do not have proper equipment and materials to transport waste to the transfer station. 
During the course of the study, it was observed that the enterprises are not equipped with the 
right materials that are necessary to transport waste to the containers. Especially in Burayu kata 
and Laku Kata kebeles most of the collected waste is transported by manpower which includes 
carrying the waste by their backs. It was also observed that kebeles and the city administration 
don’t follow and support the enterprises on regular basis. Most of the time, the enterprises don’t 
come and pick waste from households on regular bases. Thus residents’ are usually frustrated 
and stop their relation with these SSE and dump their waste by their own. It is clear than waste 
associated works bring their own health risk to individual working around but the city 
administration has not done anything to look after these workers. No risk minimization 
mechanisms like nose mask, hand gloves and boots are provided. Hence, first priority should be 
given to the health of these citizens to protect them from any harm. 
 
Table 17 Type of primary transport 
 kebele Type of primary transport 
1 Gafarsa Burayu 2 Gari(hand push carts) 
2 Burayu Kata 1 Gari , 1 man power 
3 Laku Kata 1 Gari, 2 man power 
4 Gafarsa Guje 1 truck to container 
5 Gafarsa Nano 1 truck to land fill 
6 Malka Gafarsa 2 Gari 
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Figure 13 Primary transportation 
 
4.4.4 Transfer Stations/Storage  
Secondary storage facilities refers to different types of solid waste containers which involve 
keeping solid waste generated from different households at a common or central point from 
where collection vehicles can pick it and transport to final disposal site (Zebenay, 2010). The 
waste is stored for a short period of time before disposing it to the dumping site. Currently 
Burayu city have 80 containers in the city which are open at the top, trapezoidal in shape and 
have a holding capacity of 8m3. Keeping in mind that one container can hold 2801.6 kg of waste 
at a time, so these 80 containers can hold a total of 640 m3 or 224,128 kg of waste at a time. As 
it has been mentioned earlier that the collection frequency of the containers in 7 days. It was also 
mentioned earlier that the city produces 304,750.66 kg of waste per week. Thus, we can see that 
there will be 80,622.7 kg of waste that need additional container for storage. In order to hold 
304,750.66 kg of waste for successful storage, the city needs 109 containers. Keeping in mind 
that the city only has 80 containers, an additional 29 containers are required to solve the problem 
of shortage of containers. 
 
The distribution of the storage containers within an urban area is an important issue that needs a 
serious attention. Facilities in general, containers in particular have to be distributed in such a 
way that they conform to the distribution of population (and thus rate of solid waste generation) 
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and the optimum travel distance of the beneficiaries is secured. Therefore, kebeles of larger 
number of population (and larger quantities of solid waste production) deserve large number of 
containers 
Table 18 Required no of containers based on generated waste 
 kebele Existing No of containers Required no of containers 
based on generated waste 
1 Gafarsa Burayu 16 33 
2 Burayu Kata 12 23 
3 Laku Kata 13 22 
4 Gafarsa Guje 12 16 
5 Gafarsa Nano 15 7 
6 Malka Gafarsa 12 8 
Total 80 109 
 
As it can clearly be seen from tab 
le 18, the major problem associated with storage container is the shortage of containers in 
kebeles. Although Gefersa burayu is the largest of all kebeles in terms of both population and 
generation of wastes, the kebele has only 16 containers which is very low number when 
compared the required 33 containers in order to hold all the waste generated waste from 
residential houses. The same is true for Burayu Kata, Laku Kata and Gafarsa Guje which have 
12, 13 and 12 containers but the required number of containers is 23, 22 and 16 containers 
respectively based on the generated amount of waste from each kebele. 
The second problem with transfer stations is, uneven distribution of containers. This can be 
clearly seen in Gafarsa Nano and Malka Gafarsa kebeles. Even though the additional number of 
containers won’t be a problem, it would be unfair to add more containers in these two kebeles 
while other 4 kebeles have severe shortage of transfer stations. Therefore, distribution of 
container in all 6 kebeles should be as balanced as possible based on the generation amount of 
waste.  
 
The other difficulty associated with the secondary storage service is the Collection frequency of 
containers. It was observed during a field survey that containers were full in just 3 to 7 days, but 
it stay without being picked 1 to 3 weeks. Lack of regular pick up of containers is one of the 
major problems in the domestic solid waste management chain. Hence, it resulted in 
accumulation of waste surrounding the container for so long, which is a major cause of solid 
waste caused diseases to the residents leaving nearby. 
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Figure 14  Waste Accumulation outside the container 
In addition to the above problems, some of the containers found in the city are located too 
closely to residential neighbor hoods, which will untimely bring health and aesthetic impact to 
the environment. The other problem with these transfer station is, residents are forced to travel 
longer distance to get to the transfer station. 43% of residents who participated in the interview 
claim that in order to avoid longer travel distance, residents dump waste in the ditches and road 
sides.  
4.4.5 Collection and Transportation of Solid Waste from Transfer Stations  
The collection and transport of waste is the first and the most important section of waste 
management service. The efficiency of Collection and transport depends on collection frequency, 
size of the containers, types of hauling equipment and access roads. The most significant among 
all of the above is the collection frequency of waste. Collection frequency is the rate at which 
collection vehicles have made trips within a specific time, and the frequency at which containers 
are collected (picked-up).  
 
Relatively a small proportion of the solid wastes produced in the city is properly, collected and 
transported to the final disposal site. As it can be seen from table 19, only about 38.25%of 
domestic solid waste generated in the city is regularly collected and disposed of. This implies 
that about 60.62% of the domestic solid waste produced in the city is either not regularly 
collected or is left uncollected at all. Thus, largest proportion of the domestic solid wastes 
produced in the city has been left uncollected and is seen scattered the city around the streets and 
ditches. 
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Table 19 Collection of waste per week 
no of 
day Generation rate(kg/day) Collected waste(kg/day 
1 43,535.81 16,652.80 
2 87,071.62 33,305.60 
3 130,607.42 49,958.40 
4 174,143.23 66,611.20 
5 217,679.04 83,264.00 
6 261,214.85 99,916.80 
7 304,750.66 116,569.60 
 
 
 
 
Note: Mass of waste/container = 2081.6 kg 
Hauling cars each make 4 trip per day 
 
 Using 0.288 kg/cap/day of waste generation, residents from the city generates a total amount of 
304,750.66 kg of waste peer week. Having this in mind the collection frequency of containers is 
7 days, we can calculate the total amount of uncollected waste at the end of the week. 
Subtracting the collected waste from the total generation gives us, the uncollected waste per 
week. As there are only 2 container hauling trucks in the city for transportation of containers, the 
solid waste transportation is highly affected. If these 2 trucks make 8 trips per day, these two cars 
can only transport a total amount of 116,569.60 kg of waste per week, this implies that only 42 
containers per week is transported to the disposal site while the remaining 38 containers among 
the 80 are full of waste but not picked on time. Since the total waste generated per week is 
304,750.66 kg and the collected and transported is 116,569.60 kg, the remaining uncollected 
waste amount will be 188,181.056 kg. This clearly implies that there exists a lack of clear 
understanding by the city administration that the generated amount of waste and the numbers of 
container hauling trucks don’t much. Thus, two hauling trucks are not enough compared with the 
generation amount of waste. Now let’s see how many hauling trucks are required to transport all 
generated waste per week in the table below. 
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Table 20 Hauling truck requirement 
no of 
day 
 Generation rate(kg/day) 
picked up 
waste(8 trips 
per day) 2 cars 
picked up 
waste(16 
trips per day) 
4cars 
picked up 
waste(20 
trips per day) 
5cars 
picked up 
waste(24 trips 
per day) 6cars 
1 43,535.81 
                 
16,652.80  
            
33,305.60  
            
41,632.00  
             
49,958.40  
2 87,071.62 
                 
33,305.60  
            
66,611.20  
            
83,264.00  
             
99,916.80  
3 130,607.42 
                 
49,958.40  
            
99,916.80  
          
124,896.00  
           
149,875.20  
4 174,143.23 
                 
66,611.20  
          
133,222.40  
          
166,528.00  
           
199,833.60  
5 217,679.04 
                 
83,264.00  
          
166,528.00  
          
208,160.00  
           
249,792.00  
6 261,214.85 
                 
99,916.80  
          
199,833.60  
          
249,792.00  
           
299,750.40  
7 304,750.66 
              
116,569.60  
          
233,139.20  
          
291,424.00  
           
349,708.80  
 
As it can clearly be seen from table 20, in order to fully collect 304,750.66 kg of waste 6 hauling 
trucks are required. This means that the city administration should add four more hauling trucks 
to properly manage the collection and transportation of wastes to the disposal site. 
4.4.6 Solid Waste Disposal Practices 
In order to assess the usual method of solid waste disposal practices of households, the 
researcher used a questioner and the response was quite important in determining Disposal 
Practices of residents of Burayu city in general. 
 
Figure 15 Households solid waste disposal practices 
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As it can be observed from fig 15, only 70 (35.2%) houses, among the 199 sample households, 
are involved in door to door collection of wastes by small scale enterprises while 35 (17.6)% of 
houses dump their waste into the nearby container. residents in the city. 69 (34.2%) houses 
which is quite a large number of sample households responded they usually throw their waste 
into Ditches, Road sides, Open fields and rivers. Uncontrolled burning of waste covers 12.6% of 
solid waste disposal practices in the city. Thus it can be concluded, only 52.8% of houses holds 
use a proper waste disposal practices while the remaining 47.25 % of households use improper 
and unauthorized solid waste practices. 
Improper and unauthorized waste disposal practice is one of the major reasons for the lack of 
aesthetics in Burayu city. Most of the Road sides, including the main road in the city, are filled 
with uncollected waste throughout the season. Improper solid waste disposal of residents is also 
the reason behind the blockade of storm water lines and force liquid waste stagnant in street si 
des. The city administration gave no or a little attention to the ditches, which are filled with a 
bunch of solid wastes mainly generated from households. 
 
 
 
Figure 15  Improper solid waste disposal practice 
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4.5 Impact of Disposal Site  
    
 According to the minimum requirements for any waste disposal system, site Selection is the 
fundamental step in the development of a landfill. Landfill, is the place where most of the residue 
is dumped. This step has far reaching economic, environmental and public acceptance 
implications. The landfill site selection process is only complete once the Department has found 
a site feasible on the basis of a feasibility study. Solid waste management facilities to be 
accepted they should be environmental friendly, economically sound, and socially acceptable 
(Rahardyan, 2010).But when it comes to Burayu city, the city doesn’t have an advanced land fill 
site, rather an open damp site is where all the waste is thrown away. The waste disposal site of 
the city is found right in the middle of the city in Laku Kata kebele where quite a large number 
of communities live near by the waste disposal site. Even when compared to other Ethiopian and 
African cities, where the disposal sites are located outside cities in order to reduce its social and 
environmental impacts, Burayu cities dumping site is located near a legally registered residential 
houses. This clearly indicates that the communities living nearby the site are prone to both social 
and environmental effect brought by the disposal site. The dumping location has a very steep or 
sloppy geographic condition where the waste which is dumped at the top of the site gradually 
moves down ward by gravity. This type of dumping by itself is uncontrolled and difficult to 
manage the location of the waste.
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Figure 16 Partial view of waste dumping site 
Currently two hauling trucks bring waste to the dumping site every day. Each truck makes 4 trips 
per day, so the two trucks make 8 trips each day. Since its been calculated earlier that one 
container can holds 2081.6 kg of raw waste, it can be calculated that 16,652.8 kg of waste is 
dumped into the site each day. 
Table 21 Disposal amount of waste to the dumping site 
 
 
Time Interval  Disposal amount 
daily                  16,652.80  
weekly               116,569.60  
monthly               499,584.00  
annual            6,078,272.00  
 
As it is shown on Table 21, the disposal site receives 16,652.80 kg, 116,569.60 kg, 499,584.00 
kg and 6,078,272.00 kg of waste on daily, weekly, monthly and annual basis respectively. 
Although these figures look higher, only 38.2 % of generated waste is properly transported to the 
disposal site. It would be easier to imagine how much load it will be add to the site, if all the 
waste had been dumped. 
The Constitution of the Federal Democratic Republic of Ethiopia Article 44 states that, all 
persons have the right to a clean and healthy environment. Also Article 92 states that, 
Government shall Endeavour to ensure that all Ethiopians live in a clean and healthy 
environment. It can be clearly seen that the constitution of FDRE gives full protection to citizens 
to live under a healthy environment. These articles also indicate that, it is the responsibility of the 
government to ensure citizens right to live in safe environmental conditions. But when looking at 
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the residents living nearby the waste dumping site, the rights of these citizens in accordance with 
the constitution of the country is not respected.  
The Federal Democratic Republic of Ethiopia proclamation No. 513/2007 puts the Auditing of 
existing  Solid Waste Disposal Sites .It states that, each urban administration is responsible for 
ensuring that an environmental audit is carried out on every existing solid waste disposal site. It 
also instructs the owner of any solid waste disposal site shall make the necessary modifications if 
the environmental audit made shows that its continued operation poses a risk to public health or 
the environment and the authority may prescribe environmental criteria to determine the 
alternative use of a solid waste disposal site that has ceased operation or is abandoned. 
4.5.1 Health Impact 
A total of 30 volunteer households which hold 163 residents participated in the interview and 
questioner about the health impact of the dumping site to them. These households are found 
adjacent to the dumping site, which will make them prone to the direct health impact of the 
disposing site. Thus here below are the common health problems that residents describe as more 
frequently attacking them  
 
 
Figure 17 Health impacts of disposal site. 
 
As it can be seen from fig 17, among the diseases, 71% of the residents are usually attacked by a 
common cold, which is higher than all the diseases. Sinus is describes as in second while Asthma 
is the third most health problem in these households with 45% and 37% respectively. Stomach 
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pain and diarrhea ranks in fourth with 32 % impact amount. Skin problem and TB are the least 
health problems with 29% and 7 % respectively. This finding clearly shows us that residents 
living around the disposal site are severely attacked by different types of diseases.  
 
In the meantime, the researcher tried to gather data from of the clinics that people around 
disposal sites were getting their health services from and tried to collect information about 
Medical history of individuals who live nearby the site, but neither the kebele health service 
sector nor the clinics have an organized data about the health impacts of the site to the local 
residents. 
 
Among the residents, children below the age of 15 were more prone to different types of diseases 
while people between the ages of 15-30 were in second place next to children below the age of 
15. Individuals above the age of 30 were only 23 % prone to the health risks. This undoubtedly 
shows that children are the most vulnerable group in the community that are affected by the 
weak management of the disposal site. 
 
Table 22 vulnerability to health impact 
Age vulnerability 
Below 15 45% 
15-30 27 % 
Above 30 23 % 
 
4.5.2 Social Impact 
Dumping sites causes a wide variety of impacts on communities living near by the waste 
dumping area, especially if the waste is dumped in open, unfenced and uncontrolled manner. 
Like so many cities in Africa and Ethiopia, Burayu city follows the same trend which uses 
collection and uncontrolled dumping to open to air, uncontrolled and unfenced dumping site. 
This dumping site has direct and visible impacts on the community, which can easily be noticed 
if anyone visits the residents living around the site. Respondents claim that they have issued the 
problem to the city administration several times but, there has not been any solution given other 
than repeated and worthless promises to relocate the site to another location. 
 
Residents state that several impacts are brought to the community due to the dumping site.  
Resident unanimously claimed that the problem of odor/bad smell and Smoke are the two main 
problems they face every single day. All households said the smoke and bad smell is so bad, 
these two are the root causes for many of the respiratory infectious diseases. 83.33% of the 
respondents also commented that flies are the regular problem during the day time. Fly problem 
forced most of the households to only bake Enjera at night because, baking Enjera during the day 
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with the presence of those flies is impossible. Usually most households use chemical inserted net 
(Agober) to prevent the flies from getting into their houses which they find is the only solution to 
problem. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18 Method of Protection from flies 
The other problem associated with the dumping site is windblown paper and plastics. 66.67 % of 
the households said Blowing of paper and plastics to households whenever there is wind is a 
common incident, which they find is very disappointing. Thus, Households are forced to clean 
their compound frequently to remove the dirt. In addition to the above social impacts, the one 
that is very surprising is that 80% of the residents believe that the dumping site is the place 
where thieves usually spend their spare time during the day. Hence most inhabitants agree the 
dumping site is the major source of thieves and burglars were they hide themselves. Residents 
claim Burglary is a common phenomenon to households nearby the dumping site. In fact, one or 
two houses are broken in a week or two according to residents. 
 
One of the other significant social impacts that affect the society is that children who live in 
households near the dumping sites usually spend their time in the dumping site rather than going 
to school. 36.67% of children in these households collect valuable items like metal, plastics and 
textile from the site to sell and earn some money to help their family. Thus absence of children 
 60  
 
from school is a common incident for inhabitants living around the dumping site. On the other 
hand, the loss in properly value is amongst the social impact that is brought by this site. When 
compared to houses located elsewhere in the city, the housing property value is highly 
diminished. 80% households say their property value is lower only because people don’t want to 
leave around this harsh environment and people don’t want to buy houses that are located near to 
the dumping site. According to the residents, the closer the house is to the dumping site, the less 
costly is the value of the house. 
 
 
 
  
 
Figure 19 Social impact of the dumping site 
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5. CONCLUSION AND RECOMMENDATION 
5.1 Conclusions 
This study has been conducted to address certain research questions.  Some of the main research 
questions include:    What is the daily, weekly, monthly and yearly solid waste generation rate of 
the city? What is the physical composition of the solid waste generated? What are the physical 
properties of the solid waste generated? What are the gaps and challenges concerning domestic 
solid waste management of the city? How efficient is the city administration in managing 
domestic solid wastes? What are the social and health impacts brought to the community living 
around the waste disposal site? 
The results of the sample survey suggested that the waste generation rate of Burayu city is 0.288 
kg/cap/day. Hence, the daily, weekly, monthly and annual generation amount is 43,535.81 kg, 
304,750.7 kg, 1,306,074 kg and 15,890,570 kg. The result also showed that solid wastes 
generation rate varies significantly with socio-economic condition. The study also showed that 
large proportion of the waste (more than 70.4 %) is decomposable organic matter, which might 
be efficiently recycled or composted. 
From the study results, it was found that the domestic solid waste collection system of the city is 
very weak and lack organization. It was observed that starting from collection of wastes from 
households to dumping of waste to dumping site; the domestic waste management chain is not 
clearly defined and organized. Shortage of Micro and small scale enterprises in all kebeles is the 
main problem in the collection of wastes from households.  
It was also observed, the mismanagement of transfer stations (containers) in all kebeles has 
aggravated the problems. Shortage, distribution and placement of containers are the main 
problems associated with transfer stations in the city. Transportation of waste to dumping site 
has also its own drawbacks due to shortage of Hauling trucks. In addition to this, solid  waste 
collection  service  coverage  is  very  low  which  means  the  major  portion  of  the  solid  
waste generated  within  the  city  is  uncontrolled  and  improperly  disposed  which  creates  
unhealthy environment  to live and  work in. 
The result also showed that, residents living nearby the disposal site are prone to both health and 
social impacts that has created a great crisis to the community. Therefore, it is possible to 
conclude that the city administration has a lot to do to improve the domestic solid waste 
management of the city.  
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5.2 Recommendations 
 
Relaying on the findings of the research and the conclusion drawn, the researcher has suggested 
the following recommendations as the solution measures need to be taken by all stakeholders to 
solve the domestic solid waste management problems of the study area.   
 
 The basic domestic solid waste data which include generation rate, composition, density, 
moisture content and particle size are not previously studied in the city but this study 
definitely provides a quantified figure of these parameters. Hence, the city administration 
should use these results for a proper deign of domestic solid waste management plan.  
 
 Much has to be done concerning the waste transfer stations in the city. In order to solve 
the problems associated with transfer stations, the number of containers in the city should 
be increased and grater care should be given for sitting (placement) of containers. In 
addition to these, the allocation of the container distribution should be based on the 
generation rate of each kebele and there should be a consistent control on the collection 
frequency of containers.  
 
 Since the shortage of hauling trucks is one of the main problems,  the number of waste 
collection Trucks should be increased for a facilitated waste dumping 
 
 Increase the number of Micro and Small Scale Enterprises in all kebeles for a proper 
collection of waste from households. 
 
 The city administration should provide the proper primary collection equipment like hand 
push carts for the Micro and small scale enterprises. 
 
 The city administration should also be concerned to Safe guard the health of Micro and 
Small Scale Enterprise workers by providing the necessary safety materials. 
 
 Engage private companies in the solid waste management business especially in solid 
waste collection and transportation service provision because; private companies who have 
the budget and technical capacity can contribute a lot. 
 
 Relocation of the dumping site away from residential areas or construction of an 
advanced landfill site which is well protected and has the basic components of an 
advanced landfill site like Compacted clay under the landfill, Leachate collection pipe, 
Leachate drainage layer, Daily cover, Methane gas collection pipe, Outer drainage layer 
and Final Turf. 
 
 Conduct a full scale Social and environmental impact assessment of the dumping site 
located right in the middle of the city 
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 Rules and regulations of solid waste management put by the city administration should be 
implemented .Individuals and households who don’t respect the rules should be penalized 
according to the law. 
 
 The city administration should give adequate education and develop awareness how to 
handle its solid wastes at home, consequences of illegal disposal and of not placing solid 
wastes into the containers properly. Furthermore, Create awareness to the community 
about 3R (Reduce, Reuse and Recycle) of wastes for a good domestic solid waste 
management in the city. 
 
 
 The waste management system should re-engineered and Integrated solid waste 
management option should be applied in  a hierarchical order in a way that recycling and 
composting can be considered only after all that can be done to reduce and reuse the 
quantity of waste at the source has been done. Landfills or disposing should be the last 
option in the hierarchical order of integrated solid waste management. 
 
 Since the majority of waste produced is suitable for compost, composting practice should 
be exercised both by the city administration and individual households either in large 
scale or small scale. Composting practice can reduce the amount of waste that is 
discarded to dumping site and this practice can have a great economic advantages 
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APPENDIX A: Questioners and Interviews 
 
1. Background information about Households  
1.1 Name of the House Hold Head (Aba Wera)………………………….. 
1.2 Kebele………………………… 
1.3 House Number…………………….. 
1.4 Family size of your households? .................................... 
1.5 Household Income per Month………………………….. 

2.1 Do you have a temporary storage at your home? 
Yes................................No.......................... 
2.2.1 If yes what is the container type? 
a) Sack (Madaberiya)............................ 
b) Plastics Bag..................................... 
c) Metal containers.............................. 
d) Baskets........................................... 
e) Private Pit........................................ 
f) Card board....................................... 
2.2 Do you sell wastes? Yes..............No............... 
2.3.1 If yes, what type of wastes do you usually sell? 
a) Metal................ 
b) Textile.............. 
c) Plastics.............. 
d) Papers............... 
e) Leaves and Grasses.............. 
f) Specify Others...................... 
 
2.3 For whom do you sell your waste 
a) Kuralew 
b) Liwach 
c) Specify Others...................... 
2.4  Do you have the concept of recycling, reusing, and preparation of compost? 
      Yes....................................no............................. 
2.5 Do you reduce wastes 
      Yes....................................no............................. 
2.51. If yes, what type of wastes do you usually reduce? 
a. Metal 
b. Textile 
c. Old Shoe........................ 
d. Plastics........................... 
e. Papers............................ 
f. Specify Others............... 
 
 68  
 
2.6 Do you reuse wastes 
      Yes....................................no............................. 
2.6.1 If yes, what type of wastes do you usually reuse? 
a. Metal 
b. Textile 
c. Old Shoe 
d. Plastics..................... 
e. Papers...................... 
f. Specify Others...................... 
 
2.7 Do you recycle wastes 
      Yes....................................no............................. 
2.7.1 If yes, what type of wastes do you usually recycle? 
a. metal 
b. Textile 
c. Old Shoe 
d. Plastics 
e. Papers 
f. Specify Others 
 
2.8 Do you compost waste at you home? 
Yes..................... No...................... 
 
2.9  How do you dispose wastes from your house/ what is you solid waste disposal practice? 
a. Door to door collection by MSSE............ 
b. Container service.............. 
c. Ditches, Road sides, Open Fields and rivers.............. 
d. Burning.................. 
e. Specify Others.................. 
2.9.1 If your answer is “a” what is the collection frequency of these MSSE? 
a. One week 
b. Two week 
c. Three week 
d. Four and above weeks 
2.10 Do you get service from MSSE? 
Yes..................... No...................... 
2.10.1 If your answer is “no” What are the reasons behind for you households not to get 
the service   from MSSE? 
a. Expensive.............. 
b. Lack of interest............ 
c. Specify other reasons................ 
 
2.11  Is the distance of transfer stations from your house satisfactory? 
 Yes..................... No....................... 
 
3. Impact Assessment of Disposal Site 
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        3.1. What are the common health problems of the Dumping site? 
a. common cold 
b. Sinus 
c. Asthma 
d. Stomach pain and diarrhea 
e. Skin problem and TB 
f. Specify Others 
 
         3.2 What are the common Social problems of the Dumping site? 
a. Bad smell 
b. Smoke 
c. Flies 
d. Wind-blown paper and plastics 
e. Children absence from school 
f. Specify Others 
 
   4. Interviews to residents, kebele officials and city administration stakeholders 
4.1 How many Small scale enterprises are there in your kebele? 
4.2 What type of support do you provide to SSE? 
4.3 Mention the types and total number of equipment that your kebele use for   collection, 
transportation of solid waste? 
4.4 Do you take legal measures to residents who don’t respect the law with respect to their 
waste management? 
4.5 Why didn’t your kebele place adequate number of public solid waste containers? 
4.6 How does the cities institutional structure look like for management of waste? 
4.7 Do you think that there is a shortage of man power in the waste management chain in 
the city? 
4.8 Does the city administration give adequate education to residents of the city about 
management of waste? 
4.9 How did the dumping site affect your life? 
4.10 What possible measures do you take to minimize impact of the dumping site? 
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APPENDIX B: House Hold Waste Generation Rate 
Lower Income group 
Sample 
House 
Hold 
Family 
size(no) 
Qty/HH/week(Kg) Qt/HH/day(Kg) 
Generation rate of a 
group 
Qt/day/person(kg) 
1 5 7.7 1.1 0.220 
2 8 9.1 1.3 0.163 
3 7 9.1 1.3 0.186 
4 9 15.4 2.2 0.244 
5 6 8.4 1.2 0.200 
6 4 5.25 0.75 0.188 
7 7 10.5 1.5 0.214 
8 6 12.6 1.8 0.300 
9 4 4.9 0.7 0.175 
10 7 11.2 1.6 0.229 
11 7 10.5 1.5 0.214 
12 11 16.1 2.3 0.209 
13 9 13.3 1.9 0.211 
14 6 6.3 0.9 0.150 
15 4 10.5 1.5 0.375 
16 5 8.4 1.2 0.240 
17 6 12.6 1.8 0.300 
18 5 10.5 1.5 0.300 
19 5 9.1 1.3 0.260 
20 7 8.4 1.2 0.171 
21 7 11.2 1.6 0.229 
22 5 7.7 1.1 0.220 
23 6 9.1 1.3 0.217 
24 4 7.7 1.1 0.275 
25 10 16.8 2.4 0.240 
26 6 10.5 1.5 0.250 
27 7 8.4 1.2 0.171 
28 5 12.6 1.8 0.360 
29 8 10.5 1.5 0.188 
30 5 11.9 1.7 0.340 
31 9 15.4 2.2 0.244 
32 6 11.2 1.6 0.267 
33 5 6.3 0.9 0.180 
34 7 9.1 1.3 0.186 
35 6 7.7 1.1 0.183 
36 4 6.3 0.9 0.225 
37 5 10.5 1.5 0.300 
38 8 12.6 1.8 0.225 
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39 7 12.6 1.8 0.257 
40 3 8.4 1.2 0.400 
41 6 14 2 0.333 
42 5 4.9 0.7 0.140 
43 8 13.3 1.9 0.238 
44 4 18.9 2.7 0.675 
45 9 18.2 2.6 0.289 
46 5 7.7 1.1 0.220 
47 8 6.3 0.9 0.113 
48 7 10.5 1.5 0.214 
49 9 14 2 0.222 
50 6 12.6 1.8 0.300 
51 5 10.5 1.5 0.300 
52 8 14 2 0.250 
53 6 4.9 0.7 0.117 
54 7 11.2 1.6 0.229 
55 4 3.5 0.5 0.125 
56 5 9.1 1.3 0.260 
57 5 7.7 1.1 0.220 
58 5 6.3 0.9 0.180 
59 6 10.5 1.5 0.250 
60 6 8.4 1.2 0.200 
61 9 13.3 1.9 0.211 
62 5 10.5 1.5 0.300 
63 6 14 2 0.333 
64 4 4.9 0.7 0.175 
65 7 11.2 1.6 0.229 
66 8 18.9 2.7 0.338 
67 7 9.1 1.3 0.186 
68 5 7.7 1.1 0.220 
69 9 16.1 2.3 0.256 
70 6 10.5 1.5 0.250 
71 5 8.4 1.2 0.240 
72 6 12.6 1.8 0.300 
73 7 10.5 1.5 0.214 
74 7 14 2 0.286 
75 5 4.9 0.7 0.140 
76 9 17.5 2.5 0.278 
77 4 4.2 0.6 0.150 
78 5 9.1 1.3 0.260 
79 5 7.7 1.1 0.220 
80 6 10.5 1.5 0.250 
81 5 8.4 1.2 0.240 
82 4 7 1 0.250 
83 5 12.6 1.8 0.360 
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84 6 14 2 0.333 
85 5 11.9 1.7 0.340 
86 6 10.5 1.5 0.250 
87 5 11.2 1.6 0.320 
88 4 5.6 0.8 0.200 
89 5 10.15 1.45 0.290 
90 5 7.7 1.1 0.220 
91 7 11.2 1.6 0.229 
92 5 9.1 1.3 0.260 
93 6 9.45 1.4 0.225 
94 5 7.7 1.1 0.220 
95 5 5.95 0.85 0.170 
96 8 12.88 1.8 0.230 
Total  586 983.8 140.54 0.240 
 
Middle  Income group 
No of 
sampl
e 
Family Qty/HH/week Qt/HH/day 
Generation rate of a 
group Qt/day/person(kg) 
  size (kg) (kg) 
        
1 8 22.05 3.15 0.394 
2 5 8.75 1.25 0.250 
3 6 14 2 0.333 
4 4 7.7 1.1 0.275 
5 5 11.2 1.6 0.320 
6 5 11.9 1.7 0.340 
7 8 16.8 2.4 0.300 
8 6 12.25 1.75 0.292 
9 4 7 1 0.250 
10 7 18.2 2.6 0.371 
11 6 16.1 2.3 0.383 
12 4 9.1 1.3 0.325 
13 6 13.3 1.9 0.317 
14 6 11.9 1.7 0.283 
15 10 21.7 3.1 0.310 
16 4 12.6 1.8 0.450 
17 5 6.3 0.9 0.180 
18 7 15.4 2.2 0.314 
19 5 8.4 1.2 0.240 
20 6 19.6 2.8 0.467 
21 5 14 2 0.400 
22 5 12.95 1.85 0.370 
23 6 10.15 1.45 0.242 
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24 4 4.9 0.7 0.175 
25 6 11.2 1.6 0.267 
26 7 10.85 1.55 0.221 
27 9 19.95 2.85 0.317 
28 6 11.2 1.6 0.267 
29 7 12.95 1.85 0.264 
30 5 8.4 1.2 0.240 
31 7 14 2 0.286 
32 6 10.85 1.55 0.258 
33 6 17.15 2.45 0.408 
34 7 16.45 2.35 0.336 
35 6 10.15 1.45 0.242 
36 7 14 2 0.286 
37 4 4.2 0.6 0.150 
38 7 18.2 2.6 0.371 
39 4 5.6 0.8 0.200 
40 3 4.2 0.6 0.200 
41 7 18.55 2.65 0.379 
42 8 19.25 2.75 0.344 
43 7 19.95 2.85 0.407 
44 5 11.55 1.65 0.330 
45 5 12.6 1.8 0.360 
46 4 8.05 1.15 0.288 
47 6 13.3 1.9 0.317 
48 5 11.9 1.7 0.340 
49 8 16.1 2.3 0.288 
50 4 4.2 0.6 0.150 
51 7 17.85 2.55 0.364 
52 4 6.65 0.95 0.238 
53 3 4.2 0.6 0.200 
54 7 14 2 0.286 
55 6 13.65 1.95 0.325 
56 5 10.85 1.55 0.310 
57 6 16.1 2.3 0.383 
58 4 7.7 1.1 0.275 
59 5 16.45 2.35 0.470 
60 6 14 2 0.333 
61 7 22.75 3.25 0.464 
62 5 12.25 1.75 0.350 
63 8 19.6 2.8 0.350 
64 6 15.4 2.2 0.367 
65 4 7 1 0.250 
66 5 14 2 0.400 
67 5 11.55 1.65 0.330 
68 7 13.65 1.95 0.279 
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69 4 10.5 1.5 0.375 
70 5 10.85 1.55 0.310 
71 6 20.65 2.95 0.492 
72 5 12.25 1.75 0.350 
73 6 13.3 1.9 0.317 
74 5 11.9 1.7 0.340 
75 4 10.5 1.5 0.375 
76 5 11.55 1.65 0.330 
Total 433 970.2 138.60 0.32 
 
High Income group 
No of 
sample 
Family Qty/HH/week Qt/HH/day 
Generation rate of a group 
Qt/day/person(kg) HHs size (kg) (kg) 
        
1 5 15.4 2.2 0.440 
2 7 21.7 3.1 0.443 
3 6 17.5 2.5 0.417 
4 5 17.15 2.45 0.490 
5 5 14.7 2.1 0.420 
6 6 19.95 2.85 0.475 
7 5 11.69 1.67 0.334 
8 6 16.8 2.4 0.400 
9 5 10.22 1.46 0.292 
10 4 8.89 1.27 0.318 
11 5 18.41 2.63 0.526 
12 6 20.72 2.96 0.493 
13 4 12.6 1.8 0.450 
14 5 15.05 2.15 0.430 
15 6 14.91 2.13 0.355 
16 4 9.8 1.4 0.350 
17 5 12.95 1.85 0.370 
18 3 8.75 1.25 0.417 
19 6 14 2 0.333 
20 5 10.29 1.47 0.294 
21 5 12.25 1.75 0.350 
22 5 14.7 2.1 0.420 
23 6 12.32 1.76 0.293 
24 4 10.85 1.55 0.388 
25 5 15.4 2.2 0.440 
26 5 9.45 1.35 0.270 
27 5 9.45 1.35 0.270 
Total 138 375.9 53.70 0.39 
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APPENDIX C: Density Determination 
 
   
Density calculation in Kg/m3 
sample 
no 
Weight of 
sample(kg) in 
10L(0.01 m3) 
plastic bucket 
Weight of 
sample(kg) in 
20L(0.02 m3) 
plastic bucket 
10 L(0.01 m3 plastic 
bucket) 
20 L(0.02 m3 plastic 
bucket) 
1 3.6 8.1 360 405 
2 3.8 7.4 380 370 
3 4.1 7.9 410 395 
4 3.4 8.4 340 420 
5 3.1 8.9 310 445 
6 3.6 6.4 360 320 
7 2.9 6.5 290 325 
8 3.8 7.9 380 395 
9 3.6 7.6 360 380 
10 3.2 6.2 320 310 
11 3.7 5.6 370 280 
12 3.5 8.1 350 405 
13 4 8.8 400 440 
14 3.7 8.3 370 415 
15 3.1 7.6 310 380 
16 2.7 5.1 270 255 
17 3.4 7.3 340 365 
18 3.9 8.3 390 415 
19 3.8 6.3 380 315 
20 3.2 7.9 320 395 
21 3.3 7.7 330 385 
22 3.2 6.9 320 345 
23 3.1 7.7 310 385 
24 3.5 6.4 350 320 
25 3 7.4 300 370 
26 3.4 6.8 340 340 
27 2.8 6.5 280 325 
28 2 6.1 200 305 
29 3.6 7.4 360 370 
30 3.2 6.3 320 315 
  
Average Density (Kg/m3) 
337.33 363.00 
  350.2 
 
 
